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@ Symbolic of modern heat treating practice 
is this continuous hardening and drawing 
unit with completely automatic mechanical, 
atmosphere, and temperature control at the 
Warner Automotive Parts Division, Auburn, 
Indiana. More than 100 different types 
and sizes of axles, ranging in size from 
8-inch flanged type truck shafts to smaller 
stock car sizes are heated to hardening 
temperature, quenched and drawn at the 
rate of 1500 perday...ina 3!» hourcycle. 


Axles are conveyed through the unit in 
two rows. They are manually loaded on the 
hardening furnace conveyor, but not han- 
dled again until ejected from the drawing 
furnace. The conveyor in the gas-fired 
radiant tube hardening furnace consists of 
two pairs of centrifugally cast alloy screws, 
geared together and driven from a common 
shaft. At the discharge end the axles are re- 
ceived by an SC ‘‘Lowerator’’, which con- 
veys them to a point above the level of the 
oil quench, where they are automatically 


COMBUSTION 


MECHANICAL, ATMOSPHERE, AND TEMPERATURE CONTROL 
IN THIS C3) AXLE HARDENING AND DRAW FURNACE 


deposited on the quench chute. After rolling 
down the chute into the quench bath, they 
are automatically picked up bya conveyor, 
passed through a boiling water rinsing 
bath, and then delivered to the air draw 
furnace conveyor—each axle when finished 
coming within a 5-point range on Rockwell 
test. The over-all length of the complete 
unit is approximately 60 ft. 


No decarburization occurs as the hard- 
ening furnace is supplied with a protective 
atmosphere of SC DX Gas. Axles reach 
quench as bright, clean and free of surface 
scale as after their last machining operation 


Competent production planning of you: 
heat treating equipment will go a long way 
in reducing the cost of your product. For 
additional information about this or other 
SC heat treating equipment—write the com- 
pany...A new catalog of SC Standard Rated 
Gas-Fired Furnaces will be sent on reques' 


SURFACE COMBUSTION CORPORATION, Toledo, Ohio 


OUR BOOTH No. 30 
GAS EXHIBITS BUILDING <= 
NEW YORK WORLD'S FAIR _ 


be 


Metal 


Progress 


Copyright, 1939, by American Society for 
Metals, 7016 Euclid Ave., Cleveland. Ohio 
Published monthly: subseription 85 a 
year in U.S. and Canada (foreign, $7.50 
Current copies $l; spree ial reference issues 
$2. Entered as second-class matter, Feb. 
1921, at the post office at leveland, 
under the Act of March 3, 
The American Society for Metals is not 
responsible for statements of 
printed in this publication. The Editor i+ 


sponsor for unsigned and staff articles 


Ernest Thum, Editor 


Advisory Board 


Robert S. Archer Fetherston 
R. T. Bayless James P. Gill 
Charles Y. Clayton Zay Jeffries 
D. K. Crampton R. A. Wheeler 


Eisenman Gordon T. Williams 
m. Woodside 


Re Sune, 19.339 Vol. 325. No. 6 Table of Contents 


Index of Articles and Authors in Vol. 35 will be found 
in the rear advertising section, facing page 618 
Modern Cold Rolling 

= From a Painting by Donald Mills, kindly beenel by Jones & Laughlin Steel Corp. 
Some Things We Do Not Know About Steel, by Albert Sauveur 
What is Wanted — Crosshead Speed or Rate of Strain? by Paul D. Ffield 
Polish Required for Examination in Polarized Light, by Harold L. Walker 
Steel Golf Shafts Replace Wooden; Pictorial Story by Van Fisher 
Problems in Openhearth Steel Melting, by Karl W. Grant 
Nature of Bonding in Metal Compacts, by Gregory J. Comstock 
Is Hardness Affected by Magnetism? 


Iron & Steel Institute, Spec ial Report No. 24, page 15 »7 
New Books 


Several Recent by Gordon T. Williams 


Critical Points 
Metal at the New York Fair Powder Iron Compacts 
Electrical Wires of All Sorts Composite Metal for Difficult Services 
Alignment Chart for Case Depth, by Donald E. Babcock; Data Sheet 
Correspondence and Foreign Letters 
Immunity of Two-Phase Stainless Steels to Intergranular Attack, by H. Hougardy 
Welding Generators Grouped During Erection, by W. A. Gardner 
Variation of Case Depth With Time and Temperature, by Donald EF. Babcock 
Acicular Troostite, by Albert Portevin 
Preservation of Microspecimens, by Edgar H. Howells 
Ghosts, by Don H. Blackmar and Herbert F. Krohn 
Personal Movements of AS Members 
Free Literature From Advertisers 


Index of Firms Which Are Advertising 


~ 


June, 1939; Page . 


( ov er 


Introduction to the Study of Heat Treatment of Metallurgical Products, by Albert Portevin 


985 


589 
590 
591 
593 
594 
594 
596, 598 
348 


632 * 


i 


> 


3 
4 
B 
J 
ed 
‘ 
“ah * 
aw 
| 
7 
fa’ 
|| 
al ig 
| 
j 
ia 
= 
| 
~ 
af 
960 
leg 
962 
- 
Jia 
2.60 
81 
ia 
82 
diag 
ing 
| 
4 ae 


Reduce failures... eliminate spoilage... and get 
better results at lower cost by using Ryerson Cer- 
tified Steels steels that represent the highest 
quality obtainable in each different classification. 

In Ryerson Certified Steels you are assured the 
utmost uniformity freedom from hard spots 
desirable bending and fabricating characteristics 
that reduce shop labor costs and help produce 
sound dependable jobs in less time. 

On alloy steels where results are dependent on 
heat treatment, Ryerson selects whole heats of 
each analysis —tests and actually heat treats bars 
to determine their response —then compiles com- 


plete data to guide the heat treater in securing the 


Ryerson Certified 
Steels 


best possible results. Ile does not have to test 
to cuess or take chances. Lle Knows the character- 
istics of each bar of steel with which he is working. 

Ryerson Certified Steels also include carbon. 
tool and stainless steels that meet definite high 
standards of uniformity and quality. They offer 
a safe, sure way of getting maximum value from 
your steel dollar. 

Let us send you the Ryerson Stock List show- 
ing the full range of Certified Steels —in all shapes 
and sizes —carried in stock forimmediate shipment. 
Joseph T. Ryerson & Son, Ine. Plants at: Chicago. 
Milwaukee, St. Louis. Cincinnati. Detroit. Cleve- 


land, Buffalo, Boston, Philadelphia, Jersey City. 
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Some Things 


We Do Not know 


About Steel 


By ALBERT SAUVEUR 


A talk before the 
Philadelphia Chapter @ 
on its Fifth Sauveur Night 
February 5, 1938 


—— OF ATTEMPTING TO TALK OF 
things I may fancy that I know about steel, | 
prefer to consider some of the many things I do 
not know, believing that my ignorance is shared 
by others. Moreover, it covers so vast a field 
that I shall not be in danger of running short 
of material. Indeed, in the time allotted to me 
I shall be able to explore only a very small cor- 
ner of it. 

If it be asked what is to be gained by talk- 
ing about things we should know but do not 
know, it may be answered that it should pro- 
mote the cultivation of becoming modesty. Nor 
should our ignorance be a source of humiliation. 
Let me quote what a great scientist has written: 

“I know no more of electric and magnetic force, 
or of the relation between either electricity and 
ponderable matter or of chemical affinity, than I 
knew and tried to teach to my students of natural 


philosophy fifty vears ago in my first session as 
protessor 

That great scientist was Lord Keivixn. The 
real scientist never hesitates to confess his 


ignorance and is not humiliated thereby. 
Allotropy of tron 


Let us start with the allotropy of iron. How 
accurate and complete is our knowledge of that 
phenomenon which plays so important a part 
in the treatment and properties of steel? 

In 1885 Osmonp announced his discovery of 
the occurrence of the upper critical points in 
iron, the Ay and A. points, the lower A point in 
carbon toolsteel having been discovered and so 
named by TscHernorr. Osmonp logically in- 
ferred that iron (in distinction to steel) existed 
under three allotropic forms, namely gamma 
iron above A,, beta iron between A, and A., and 
alpha iron below A,. These conclusions were 
universally accepted, and for a while, at least, 
peace prevailed in that corner of the arena 

It was not, however, to be of long duration, 
as disquieting rumblings began to be heard 
which proved to be the forerunners of a con- 
centrated attack on the very existence of beta 
iron as a distinct allotropic form, and you ail 
know that it was successful, as the majority of 
metallurgists now no longer believe in it. 

I shall spare vou a repetition of the argu- 
ments used on both sides, but I shall recall that 
after it had been found by X-ray diffraction 
analysis that alpha iron and beta iron had the 
same space lattice, namely body-centered cubic, 
it was concluded that alpha iron and beta iron 
could not possibly be allotropically different, 
and the controversy appeared to be closed. 

More recently, however, it has been 
reported that there is what may be regarded as 
a transition lattice between the face-centered 
arrangement of gamma iron and the body-cen- 
tered of alpha iron, namely a tetragonal space 
lattice. 

It takes courage to suggest that this might 
be the space lattice of beta iron, thus re-estab- 
lishing the right of the latter to be considered 
as an allotropic form of iron distinct from 
gamma and alpha iron. In doing so I know that 
I am incurring the wrath of the implacable ene 
mies of the unfortunate beta iron. But if I am 
one of its few surviving defenders, I trust that 
vou will not attribute it to stubbornness on my 
part, nor to sentimentality. It is due solely to 
my belief that the thermal point A. has not yet 
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been satisfactorily explained on other grounds 
in spite of many clever and laborious attempts. 

Another thermal critical point was later to 
be detected in iron and in very low carbon steel, 
the A, point, at some 1400° C., and the picture 
so clearly fixed in our minds by this time was 
to undergo a serious retouching, 

Iron, we are now told, does not solidify as 
face-centered gamma iron, but with “body-cen- 
tered cubic lattice’, called delta iron, trans- 
forming into a face-centered lattice (gamma 
iron) in passing through the A, point and revert- 
ing to the body-centered arrangement, now 
called alpha iron, in cooling through the A, 
point. 

fully satisfactory explanation of so 
extraordinary a behavior on the part of an ele- 
ment has not vet been offered. 

Notwithstanding this diflicultv, we felt 
strongly entrenched in our belief that the ele- 
ment iron could exist in at least two allotropic 
forms characterized by two different space lat- 
tices. Indeed, we considered the allotropy of 
iron as an imposing manifestation of that phys- 
ical phenomenon, We did not suspect that a 
further trouble was in store for us. Let its 
nature be briefly stated: 

It has been known for some time that the 
additions of certain elements (tungsten, chro- 
mium, silicon, for instance) to iron containing a 
small amount of carbon causes the A, trans- 
formation to take place at lower temperatures 
While it lifts the A, point. For a sufficient amount 
of the special element, meanwhile keeping the 
carbon percentage constant, the two points 
meet, resulting in the so-called “gamma loop”. 
All alloys whose composition lay outside the 
loop that is, having more than the required 
amount of alloy solidify with a body-centered 
lattice and remain body-centered to room tem- 
perature, both the A, and A, points being absent. 
It is also observed that the less carbon present 
the smatler the percentage of the special ele- 
ment needed to cause the disappearance of the 
allotropic points. It is argued from this and 
from the observation that highly purified iron 
has a slightly elevated A, temperature, that with 
zero, carbon, or rather strictly chemically 
pure iron, no addition of any foreign substance 
would be necessary to cause the elimination of 
those points -in other words, that pure iron 
does not undergo any allotropic transforma- 
lions. According to this argument, the allotropic 
transformation of commercial iron would be 


due to the presence of impurities. 


Blessed be these impurities! They give us 
gamma iron, upon which we depend for the 
hardening of steel by quenching and for the 
other valuable properties imparted that 
metal by heat treatment in general — and _ to 
conceive of civilization without the products of 
steel tools is too appalling a spectacle to be 
contemplated. Again I say, blessed be these 
impurities! 

It is interesting to note that if these anti- 
allotropists are right, pure iron is left with but 
one thermal critical point, the A. point, the 
black sheep of the family. 


Metastable Microconstituents 


Let us now pass to carbon, the second con- 
stituent of iron-carbon alloys, an element of 
extraordinary significance, standing like Atlas 
carrving the universe on his shoulders. Should 
carbon withdraw his support, the entire organic 
world would collapse. 

Obviously a great deal is known of the 
properties and characteristics of carbon, the 
element, but as metallurgists we are chietly con- 
cerned with its behavior when associated with 
iron to produce steel and cast iron. Above its 
melting point steel appears to be a true liquid 
solution of carbon in iron, and it is of more than 
passing interest to know exactly what happens 
to carbon when this liquid solution solidifies 
and cools to room temperature at various cool- 
ing speeds. 

Indeed, an exact answer to this query 
should give us the explanation of the hardening 
of steel and of all other heat treatments to 
which the metal may be subjected. 

In seeking the information we crave, we 
are immediately confronted with the existence 
of that compound of iron and carbon, Fe,C, the 
carbide of iron known as cementite, which 
appears to be of greater moment to us than ele- 
mental carbon itself, and which leads us to 
consider steel not as an alloy of iron and car- 
bon, but as an alloy of iron and carbide. 

Whatever the condition in the liquid metal, 
we know that on solidifying (if it does not con- 
tain over 1.7‘. carbon) this liquid solution is 
converted into what is known as a solid solu- 
tion, to which the name of austenite has been 
viven, and we are now concerned with the con- 
dition in which the carbon is present in this 
solid solution. Does it now exist as molecules 
of the carbide Fe,C, or in atomic dispersion, or 


in ionic dispersion? The consensus seems to be 
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that the carbide molecules because of their large 
size could not find room in the space lattice of 
gamma iron, and that the carbon therefore must 
be present in the atomic state. 

We should now consider what happens to 
this solid solution as it cools slowly to room 
temperature. For the sake of simplicity let us 
assume steel of eutectoid composition —- that is, 
containing about O.85%° carbon. As this alloy 
cools slowly through its 


thermal critical point 


mother austenite, and troostite comes into exist- 
ence; and indeed, close examination under high 
power reveals the fact that the well-known 
lamellar structure of pearlite begins to be 
revealed. Further agglomeration vields sorbite. 
in Which the lamellar structure is still) more 

marked, 
lt is now claimed, however, that pearlite 
springs full-grown out of mother austenite 
as Minerva sprang full 


armed out of the head of 


Ay», at some 700° C., the 
solid solution is con- 
verted into an aggregate 
of ferrite and cementite, 
which signifies that in 
cooling through that criti- 
cal temperature the sol- 
vent iron has undergone ceremontes. 
an allotropic transforma- 
tion, passing face- 
centered gamma iron to 
body-centered alpha iron, 
and that each atom of 
carbon in coming out of 
solution has associated 
itself with three atoms of 
iron, resulting in the car- 


practice of naming one of its 
winter meetings “*Sauveur 
Night™ and to observe fitting 
Luckily Doctor 
Sauveur himself was asked to 


talk last year, and this was 


and untimely death, It was re- 
peated substantially as printed 
before the Boston Chapter in 
October of 1938. 


father Jupiter. Pearlite 


ly 1934 the Philadelphia would be denied any 
Chapter & started the graceful 


babvhood, childhood, or 
adolescence. 

Having ruled out of 
the metallurgical diction 
ary the terms troostite and 
sorbite, but not being able 
to do away with the micro- 


structures they represent, 


probably the last formal address these are to be described 


he prepared before his sudden as pearlite of different 


degrees of tineness his 
matter is worthy of some 
elaboration 

ihe constituent) now 


universally known as 


bide Fe,C, and this car- 
bide has assembled itself 
in thin sheets throughout the alpha iron to form 
the familiar structure known as pearlite. 

As first pointed out by Osmonp, however, 
each austenite grain is not bodily converted 
into pearlite without) passing through some 
transition stages, each with its own microstruc- 
ture, and to these stages the names of mar- 
lensite, troostite, and sorbite have been given. 
Some now claim, however, that those views so 
long considered orthodox must be abandoned. 

A small group of metallurgists (or is it a 
large one?), taking exception to the earlier con- 
cept, claim that such transition constituents do 
not form when austenite is converted into pearl! 
ite. To me their claim savors of a sleight-of- 
hand performance, and one would like to be 
permitted to look up the sleeves of these 
prestidigitators, 

Is it not evident that the cementite particles 
must at first be extremely small, in fact, sub- 
microscopic, before acquiring microscopic 
dimensions? This stage, in my opinion, corre- 
sponds to martensite. This is followed by 
agglomeration of these minute particles, prob- 
ably along certain metallographic planes of the 
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pearlite was first described 
in print by Sonsy D886 
and named by him the “pearly constituent”. 
Some vears later Henny Manion Howe proposed 
lo call it pearlite, and the suggestion was imme 
diately accepted, 

In 1910 a committee was organized by the 
International Association for the ‘Testing of 
Materials to consider the nomenclature of the 
microscopic substances and structures of steel 
and cast iron. The committee included Henny 
Manion Tlowr, Fronts Osvionp, Henny C. 
Carpenter, Cann Benepiens, 
P. Wesr, Stansprenp, J. 
Ginter, Heys, Warren and your 
speaker, who scerTyve dl as secretary 

In the report presented in 1912 the commit 
lee defined pearlite in the following terms: 
“The iron-carbon eutectoid consisting of alter 
nate masses of ferrite and cementite a con 
slomerate of about six parts of ferrite and one 
of cementite.” 

This definition of peartite represented the 
unanimous opinion of students of the micro- 
structure of steel. 1, for one, adopted it in com 
mon with other writers. Not until quite recentls 
has it been challenged. 
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It is evident that pearlite has always been 
considered as the microscopical constituent 
formed during the slow cooling of austenite of 
eutectoid composition, and that pearlite there- 
fore has a constant carbon content in the vicin- 
itv of O85') and that it consists therefore of 
12.75) ferrite and 87.25‘. cementite. Not until 
austenite reaches the eutectoid Composition can 
pearlite be formed. 

In recent vears, however, some have evi- 
denced their intention to ignore these funda- 
mental considerations and to describe as 
pearlite constituents varying greatly in carbon 
content in facet, they propose to describe as 
pearlitic all aggregates of ferrite and cementite, 
possibly excepting martensite (although to be 
logical they should include it also). 

To clarify, let us consider steel containing 
some O.10¢ carbon in the form of a bar of 
moderate cross section cooled in air from =a 
temperature of 900 or 1000" The resulting 
microstructure has always been described as 
sorbitic, following in this the suggestion of 
Howr. Those to whom I have referred would 
call it pearlite, although it contains but half the 
normal carbon content of the eutectoid. 

In justification of their contention they 
point to the occurrence in this sorbitic con- 
stituent, when examined under high power, of 
small particles exhibiting a lamellar structure. 
Before we are unduly impressed by this piece 
of evidence, let us reflect that if these particles 
of pearlite within the sorbitic structure have the 
same carbon content as the steel itself, namely 
0.105) carbon, then the ferrite lamellae should 
be some 15 times larger than the cementite 
lamellae, 

If we believe that cutectoid composition 
must be reached before pearlite can form, the 
existence of pearlite particles within the sorbitic 
matrix is readily explained on the ground that 
locally eutectoid composition has been reached 
through rejection of ferrite into the surround- 
ing matrix. It represents the normal and grad- 
ual transformation of sorbite into pearlite. 

The views expressed by these writers imply 
so momentous a change in the nomenclature of 
the metallographic constituents of iron-carbon 
alloys that they should not be permitted to creep 
in without being exposed to the glaring light of 
intelligent criticism. They should be submitted 
to a committee on nomenclature composed of 
well qualified persons. Our failure to do so and 
our loose acceptance of these novel views would 


lead to confusion. 


Aging of Steel 


Passing now to the aging of steel, is it not 
true that we are still groping in semi-darkness 
in our attempt to explain the phenomenon? 
While undoubtedly solid solutions 
increase in hardness after quenching or after 
cold work deformation, the mechanism of that 
phenomenon is still imperfectly understood. 
The aging of solid solutions is generally 
ascribed to a precipitation of the solute in par- 
ticles of submicroscopic dimensions, maximum 
hardness corresponding to a certain size known 
as the critical size. Whether this precipitation 
causes lattice distortion which in turn results 
in increased hardness, or whether distortion 
precedes precipitation, are questions which are 
still debated. To explain some anomalies 
recourse had to be had to the wholly speculative 
conception of the formation of “knots”, mean- 
ing by that the assembling of atoms of the solute 
in some fore-ordained position preceding its 
precipitation. An hypothesis so clearly con- 
ceived for the purpose of getting out of a diffi- 
culty is not likely to survive. 

One cannot help being impressed, when 
reading technical and scientific papers, by the 
lightheartedness with which some authors 
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embark on the task of casting new lvpotheses 
whenever they deem it necessary, or sometimes 
merely to satisfy their faney, with little regard 
to logic and the results of past experience. 
We should move cautiously in our accept- 
ance of hypotheses the accuracy of which can 
not be verified by experiment. We should 
remember that an hypothesis is justified and 
useful only when employed as an hypothesis, 
In the 
first instance, it may promote advance, in the 
latter, 
instances of the harm done by 


and not as a fact. There lies the danger. 


greatly retard it. There are many 
hypotheses 
wrongly accepted as facts, and the uprooting 
process is slow and laborious. 

Hypothesis non fungo is a famous saving of 
Newror, and 
Basis of Life” 


evidence is not only a blunder but a crime.” 


wrote in his “Physical 


“The assertion which outstrips 


We should keep our feet on the ground, which 
does not mean that we should look down and 
not up, but which does mean that we should 
resist being carried away by Pied Pipers, how- 
ever enticing their appeal, and above all we 
should beware of our friends who think they 
know it all and reject their dogmatism as incom- 
patible with the true scientific spirit. 


Conclusion 


In conclusion, I should like to make a plea 
for independent thinking. We should treat with 
respect the opinions expressed by those we hold 
in high esteem, but we should not accept their 
We should criti- 
cally and intelligently examine the evidence 


views as indisputable truth. 


offered in a spirit of absolute impartiality, nor 
should we be too much impressed by the num- 
ber of those with whom we disagree. 

We must not take it for granted that the 
element iron has no allotropic transformation 
because an outstanding metallurgist§ has 
expressed that opinion, nor must vou take the 
other view because Satvecr happens 
to entertain it, nor must we accept without res- 
ervation the belief of some that martensite and 
troostite do not form when austenite transforms 
into pearlite, and for like reasons we must not 
assume without careful consideration that the 
hardness of quenched steel is due the 
extremely small size of the alpha grains it con 
tains because a man whom we all esteem highly 
has formulated that opinion. How many are 
still staunch supporters of the existence of an 


amorphous phase at the grain boundaries in 


metals, an hypothesis defended by no less a 
metallurgist than the late Watrer Rosennain? 
As Lhave expressed it elsew here, “Scientitic 
honesty demands that vou play havoc with the 
pet theories of vour best friends if they stand 
in vour way and if it is necessary to support 
vour views. Your best friends should not in the 
least resent it let them reply in kind if they 
have the ammunition.” We are all travelling 
towards the same destination, although we may 
disagree as to the best road to follow, and it ts 
proper that we should place as many obstacles 
as we can in the path of those who, in our 
opinion, are following the wrong direction 

Let me quote to vou what Fananay himself 
has said on that subject: 

“The philosopher should be a man willing to 
listen to every suggestion, but determined to judge 
tor himself. He should not be biased by appear 
ances: have no favorit hypothesis, be of no school: 
and in doctrine have no master. He should not be 
a respecter of persons, but of things. Truth should 
be his primary object.” 

VoitTame expressed the same thought when 
he wrote: “He who seeks truth should be of no 
country.” 

On the other hand, in. scientific matters, 
there is no more unworthy person than the man 
who is actuated by prejudice, by liking or dis 
like, in his estimate and criticism of the work 
of others. Such men have no place among sei 
entists and should be read out of their ranks. 

And now to conclude my conclusion and 
really to bring this talk to a close. [I should like 
to make a plea for an uplifting attitude in our 
work, and indeed in all aspects of our activities, 
I cannot do better for that purpose than to 
quote from that excellent book, “Discovery, the 
Spirit and Service of Science” by Sir Ricuarp 
Grecony. It reads: 

“It is said that Thales of Miletus, who was the 
first of the Greeks to devote himself to the study 
of the stars, was on one occasion so intent upon 
observing the heavens that he fell into a well, 
Whereupon a maid servant laughed and remarked, 
‘In his zeal for things in the sky he does not see 
what is at his feet?” 

Many men have been laughed at since for 
vroping heavenward when their minds might 
have been occupied with affairs of the earth. 
There will always be the mind that strives to 
reach the skies, and the scoffer who regards all 
such aspirations as folly 

“Two men stood looking through the bars 


One saw the mud, the other saw the stars 
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Whatis Wanted— 


Crosshead Speed. 


or Rate of Strain? 


By PAUL D. FFIELD 
Materials Engineer, Bethlehem Steel Co. 
Shipbuilding Division, Quincey, Mass. 


Pix SO LONG AGO WE INSTALLED A 
new hydraulic tensile testing machine the 
physical laboratory at the Fore River Yards and 
were rather dismaved to be asked by the vari- 
ous inspectors, “What is the crosshead speed?” 
In fact, this caused us considerable trouble until 
we developed the attached table. This table was 
calculated particularly for our machine, which 
is of 60,000-Ib. capacity, has three scales, and 
has a definite control on rate of loading in 
pounds per minute. (The note at the bottom of 
the table was included so as to get constant 
results from our automatic stress-strain 
recorder; in other words, it would be modified 
by others to suit their conditions.) 

This seems to be a rather practical way out 
of a difficulty that has faced many testing engi- 
neers. We have given away a number of these 
tables, and they are generally useful, although 


most testing engineers have pertinent comments 


io make on the fog that envelops the sub- 

ject of “speed of testing”. For generality, 

the table could be made into a single col- 
umn for metals with an elastic modulus of 

10,000,000 psi. From such a basic table the 

crosshead speed in inches per minute could 

easily be calculated for other moduli, using 

a slide rule or mental arithmetic. 

As to the necessity of some control of 
the rate of loading, I quote from A.S.T.M. 

E&— 36, “Standard Methods of Tension 

Testing of Metallic Materials”: 

“4. The pulling speed has a marked influence 
on the tensile properties shown by materials 
tested, an increase in speed increasing the values 
found for vield point and tensile strength. The 
speed of head of the testing machine shall be such 
that the load can be accurately weighed. 

“>. In determining vield strength, the cross- 
head speed for the 2-in. gage length shall not 
exceed 0.125 in. per min.” 

(Here let me digress long enough to say that 
not many engineers realize that this limiting 
requirement of 0.125 in. per min., when con- 
verted to stress for a standard 0.505-in. test bar 
actually means that the rate of loading must not 
exceed 325,000 psi. per min.!) 

The phrase “determining vield strength” 
doubtless means in this specification “by the 
drop of the beam in a lever type of testing 
machine”. However, there are various ideas as 
to speed expressed in various other specifica- 
tions sponsored by the same society. For 
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instance, in A.S.TLM. A94— 36, “Standard Speci- 
fications for Structural Silicon Steel” we read 
as follows: 

“7. (b) The yield point shall be determined 
by the drop of the beam or halt in the gage of the 
testing machine at a crosshead speed not to exceed 

» in. per min, The testing machine shall not be 
stopped to obtain the drop of the beam or halt in 
the gage.” 

Other specifications may be quoted, all 
illustrating a lack of unanimity as to the correct 
maximum testing speed. Obviously it may be 
four times as high for an 8-in. gage length (plate 
specimen) as for a 2-in. gage length ('.-in. 
round specimen), and still strain (stretch) the 
specimen at a reasonable rate, which presum- 
ably is what is desired. To be on the safe side 


in the rate of strain within the test bar, and not 
in the speed of the crosshead of the testing 
machine. Qur hydraulic tensile testing machine 
at Fore River is equipped with a device to con 
trol the rate of loading or stressing of the speci 
men. The rate of loading of course is directly 
proportional to the strain in the test bar within 
the elastic range of the material tested It is 
unfortunate then that with definite control on 
the strain rate of the test bar we had to prepare 
a table to convert this strain rate to the cross 
head speed of the machine in order to comply 
with a specification. 

If the engineering societies and specifica- 
tion bodies would standardize on either a fixed 
rate of strain, or a fixed rate of stress (either of 


which could be calculated from the other, and 


“16% 


we at the Fore River Yards stay well 
within the A.S.T.M. limits, as noted in 
the footnote of the table. Furthermore, 


Crosshead Speed up to Elastic Limit 
Calculated from the loading rate and elastic modulus 
2-in. gage length 


it is doubtful if any autographic stress- for 0.505-in, standard test bar, 


strain recorder could operate with con- . 
CrossHEAD Speep in TN. Pern Min, 
sistent accuracy when the rate of strain 
Diat 
approaches 0.050 in. per min. Cast Copper Cast ALUM 
Lu. pen Min STEEI 
It should be noted that in this table | 30,000,000 
: the crosshead speed is supposed to be 
the same as the stretch in the 2!',-in. 300 000337 
parallel section in the standard 0.505-in. SE 000400 000965 
round tensile specimen. At Fore Rivet 2000 ‘000752 00225 
we have standardized on an all-pur- 4000 01502 00322 0450 
pose type of test bar with shoulder, and M220 M453 
our socket-grips are sulliciently rigid so 750 00282 (00603 00844 
that this assumption is, we think, suffi- 1250) 00470 
tl In tl t 2500 009040 0201 0281 
accurate, Ih the step-down tvpe 5000 OO188 00400 00563 
of test bar with threaded ends the total 10000 00375 00800 O12 
extension of the specimen between 15000 M064 M1205 0169 
threads is considerably larger. Thus, 3000 0113 0241 0337 
such a 0.505-in. steel test piece would 5000 00563 
stretch 0.000164 in. between threaded 
20000 OO752 O16] 225 
grips under a load of 300 Ib. rather 40000 ht 0399 0450 
than the 0.000113 in. shown in the table GHO000 225 0483 0675 


for the extension of the parallel section 
Maximum crosshead speed allowed in general specifica 


of the same bar under the same condi- tions for inspection of metals: 0.050 in. per min. 
When determining elastic limit by extensometer in general 


load specimens at 3000 Ib. per min. up to vield point, 


tions. Furthermore, it is not correct to 
assume that the crosshead speed is cal- 
culable even in this way if complicated 
vokes with ball and sockets or if tierods of either of which could be easily controlled 
mechanically) then the crosshead speed of a 


considerable length are used. Likewise, no 


notice is taken of elastic movements in the mechanical machine could very easily be deter 
crossheads and operating screws. Conditions mined with the aid of a watch should anybody 
are even worse if wedge grips with serrated wish to measure it. 
jaws are used on specimens with smooth ends; It should however be clearly understood in 
much motion is used up by the teeth sinking any such specification or operation that the 
into the ends of the test piece. crosshead speed itself may have no bearing on 


Basically, the engineer is really interested the rate of strain of the test bar. 
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Polish 


Required for 


Kxamination im 


Polarized Light 


By HAROLD L. WALKER 

Asst. Prof. of Metallurgical Engineering 
University of Illinois 

Urbana 


Ax UNUSUAL AMOUNT OF INTEREST 
exists at present in the examination of the 
microstructure of metals under polarized light, 
because some very delinite advantages accrue 
from its correct use. In many of the articles 
appearing in the current literature on this use 
of polarized light for the metallographic exami- 
nation of anisotropic materials (crystals of met- 
als having different properties in different 
directions referred to the crystallographic axes) 
it has been suggested that the polishing opera- 
tion should be carefully executed in order to 
avoid the production of abnormal surface con- 
ditions which might lead to false conclusions. 
These surface anomalies supposedly arise from 
the flow of the surface during polishing, and 
take the form of a Beilby laver or amorphous 
film. Since amorphous substances have isotropic 
properties to polarized light. these amorphous 


or non-crystalline films are believed to prevent 


the proper examination of the crystal surface. 

A study of polished surfaces seemed advis- 
able to determine any effects of the flowed sur- 
face on polarized light. For this purpose the 
following materials, all of which show aniso- 
tropism, were studied: Tellurium, antimony, 
bismuth, magnesium, zine, tin, cadmium, and 
arsenic. 

The procedure for polishing was through 
Q000-carborundum paper to a rotating felt lap 
containing 600-grain alundum, to a lap with 
levigated alumina, and then to a lap saturafed 
with distilled water containing no abrasive. 
Beginning with the 600-grain alundum lap, 
microscopic examination followed each step of 
the polishing operation. The method paralleled 
and exceeded any ordinary polishing procedure 
both in length of time and in pressure exerted 
between specimen and polishing wheel. The 
time of polishing in each step was varied until 
a time had been reached of 2 hr. on the levi- 
gated alumina lap and of 3'5 hr. on the water- 
saturated lap. The pressure exerted on the 
specimens was varied, by dead weight loading, 
for each of the operations until a maximum 
pressure of 500 g. per sq.cm. of surface for 2 hr. 
of polishing had been reached. A dry lap with- 
out abrasive was also tried, but it scratched the 
surface rather than polished it. 

In this work, evidence for the extinguishing 
of anisotropic properties due to the formation 
of a film by polishing was not found in any of 
the examinations with polarized light. 

Generally speaking, the anisotropic prop- 
erties were stronger the longer the polishing 
operation and the better the polish. A poorly 


Normal Incident Light 
Reflected From Polished Metals 


Pellurium 590 uu 34% Van Dyke 
Antimony a3 

Bismuth 

Magnesium 600 73 

Zine DSO 74 Meier 

rin 589 §2 Drude 
Cadmium 700 Coblentz 


polished surface containing even very small 
scratches causes so much scattering of the inci- 
dent light that the effect with crossed nicols is 
greatly diminished. It is to be noted that this 
experiment does not give evidence for or 
against the presence of an amorphous film, but 


it does seem to show that (Cont. on page 628) 
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steel Golf Shafts 


Pictures by Van Fisnen 
Captions by W. 
Chief Metallurgist 
American Fork & Hoe Co | Din 


Geneva, Ohio | 


Pt 
\ \ | | | | | Ba 
f 
Replace W 
ace Wooden 
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¢ (above) Hot pointing on a 


«x §=forging roll gives a uniform 


| The production of high quality steel golf 


shafts is roughly divided into three major point with a minimum of waste 


steps: First is the production of mirror sur- in the thick-walled. seamless tub- 


faced alloy steel tubing of extremely close tol- ing received from the steel mill 
erances. Second is its tapering, heat treating 
and testing. Third is the application of rust 


resistant and decorative finishes for eve appeal. 


‘3 Tubing must be 
e annealed after 
each of the 12 
reductions on. the 
draw bench. View 
at right shows a 
workman loading 
tubing on 
hearth furnace with 
controlled atmos- 
phere to avoid any 


surface changes. 
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— One of the tube draw- 
ing benches. Finished 
tubing for golf shafts has a 
wall thickness from 0.0138 
to O.O16 in. Other draw 
benches produce tubing 
with a constant outside 
diameter but taper the wall 
thickness so that finished 
shafts have about twice the 
wall thickness at the tip, 
where maximum strain 
occurs, as at the butt. Car- 
boloy dies and mandrels 
insure fine finish and close 
tolerances on such tubing. 
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As surface finish is very 
important on thin 
walled tubing, pickling, cleaning 
and lubricating must be carefully 
watched in all stages of the cold 


drawing operations 
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6 The workman is placing a 
) evlindrical tube in the clamp 


under the head of a hydraulic 


ram. “Step tapering”, done in 


this patented machine, consists in 
forcing the tube, station by sta- 
tion, through dies of steadily 
decreasing diameter, set at appro- 
priate levels. This means of 
tapering readily adapts itself to 
changes in design and enables 
the flexibility to be adjusted to 


the needs of all types of plavers. 


8 Poised above a vertical 
shaft furnace, a rack 
load of shafts is ready for a 
journey through four heat 
treating operations. The 
flame is a bleeder strean 


from the carefully prepared 


atmosphere in the furnace 
a bone-dry and oxygen-free 
mixture of hydrogen, nitro 


gen and carbon monoxide 
adjusted to prevent any 
trace of scale or loss of car- 
bon at the inner or outer sur 
face of the thin-walled tube 


lTapering the tip end of the 
oa é shaft. in a swaging machine, to 
fit the hole in the club head. 

ie 
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() Loading hardened shafts into a die temper- 
ing and straightening furnace. Here the 


shafts are held between formed dies to over- 


come warping during the reheating operation. 


] (below) me- 
chanical substitute 
has been found for the 
trained eve and delicate 
touch of the hand straight- 
ener. Years of experience 
are necessary to. train 
these experts to produce 
shafts straight as a gun 
barrel. This is one of six 
100°. tests to insure per- 
fection in “Pruetemper” 


golf shafts. 


| 
} 


Testing all finished shaiis for laws 
| | with high pressure sieam. Previous 
to this last test, each shaft is required to 
pass a series of three other tests —— for 


flexibility, for stiffness and for “ring”. 
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Design testing. This graduated test 
| ew board cnables the flexibility of a shaft 
to be determined under various loads and at 
any point on the shaft something pract 
cally impossible to calculate accurately in a 


step-tapered tube such as this, 
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brightly polished on bufling wheels 


13 All shafts with metallic finish are 
set 


at a slight angle, as shown at left. 


14. Chromium plate is a very popular 
finish, among the dozen that may be spec- 
ified. In this model plating department succes- 
sive deposits of copper, nickel and chromium 


are applied to the polished and cleaned steel. 
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15 Hivdraulic lacquer dipping. If 1. 


lacquered, golf shafts are given 


seven coats to beautify and protect them el 


16 Each finished shaft is weighed, 
) and if over or under weight by a 


one-tenth ounce it is discarded. | 


Finally it receives a thorough visual 


inspection, These shafts are now « 
ready for shipment to the club manu- 
ay 
facturers who will add heads and han- | 
dles so that millions of golfers may ‘ 
alternately curse and kiss them. © 7 
a 
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Problems 
in Openhearth 


Steel Melting 


By KARL W. GRANT 
Openhearth Metallurgist 
Republic Steel Corp. 
Cleveland 


A VERY FREE REPORT OF THE “OPEN- 
hearth Conference” held in Cleveland late in 
April by the American Institute of Mining and 
Metallurgical Engineers should violate the pro- 
gram arrangement and start at the beginning 
namely the joint session of men interested in 
raw materials, blast furnace smelting and open- 
hearth refining. This is logical because careful 
refining practice is needed to meet present-day 
requirements as to chemistry, cleanliness, grain 
size, hardenability and machinability of steel, 
and uniformity of iron and other raw materials 
is essential to avoid time-consuming and expen- 
sive correctives in the openhearth process. 

The analysis of the scrap charged into the 
openhearth is usually constant within fairly nar- 
row limits. Its physical condition can be seen 
and its probable effect allowed for when 
charged. A different set of conditions applies to 
the hot metal or pig iron. Its silicon may range 
from 0.60 to 
phosphorus 0.25 to 040°, and manganese from 
to 


sulphur 0.020° and up, 


Effect of these variables on the 
way the heat melts, the slag condition and vol- 
ume, and the time of heat is hard to appraise 
and difficult to control. 

Silicon content in the iron was considered 
of the greatest importance by the openhearth 
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commentators. If held reasonably constant at 
about 1‘7, no trouble is traceable to it. If it falls 
below, say in the range of 0.70 to 1.00%, it does 
cause variations in melting. If enough lime is 
charged for high silicon metal and low silicon 
metal is actually charged, the heat will not melt 
in a normal manner, and some corrective will 
have to be applied. The reverse of this condi- 
tion, namely, insuflicient lime to take care of an 
unexpected increase in silicon, will likely 
develop bank or bottom trouble. There were a 
number of acceptable ranges set for silicon con- 
tent of hot metal, such as 0.90 to 1.20°7C, 0.70 to 
110 to 150% but the iron should 
always be within the expected range. 

One openhearth operator even went further 
and said he depended on a better and more 
uniform grade of hot metal, with reasonably 
close limits as to chemistry, especially silicon, 
to take care of the changes in scrap from light 
and easily oxidizable during melt-down, to 
heavier and less oxidizable. This operator 
further believes the silicon range can be varied 
in accordance with the way the openhearth 
furnace works. Due to construction, regulation, 
fuel. and similar circumstances, some furnaces 
will oxidize much faster than others and as a 
consequence, it would require a higher silicon 
metal, whereas one which oxidizes slowly would 
require a low silicon iron. 

Figures were presented showing what sili- 
con variation can mean in the way of changing 
the slag volume on an openhearth heat. Assum- 
ing a $40,000-lb. charge, 45°: of hot metal ana- 
lvzing silicon 0.95°c, limestone of the total, 
and a 2.75 CaO:SiO. ratio desired, the slag 
would amount to 38,000 Ib. With silicon at 
1.25‘. , the weight would go up to 42,000 Ib., and 
with 0.65°° silicon down to 33,000 Ib. 

Another speaker showed how silicon 
affected temperature. Its oxidation by ferrous 
oxide raises the temperature of scrap-and-iron 
charges by 104° F. and oxidation by oxygen 
20.2" F. for every 0.1% silicon. In high metal 
charges, oxidation by ferrous oxide raises the 
temperature 16.0° F. for each 0.1° silicon; oxi- 
dation by means of oxygen would mean 48.2” F. 
From a study of many heats covering a year’s 
production, this steel maker concludes that low 
silicon (0.90% and under), with sulphur at 
0.040) and over, causes (a) dirtier steel, (b) 
more heats of inferior quality, (c) slightly 
poorer macro-etches, and (d) higher final 
sulphur in the steel. 

Sulphur was deemed by some to be the 
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most troublesome element; its elimination in 
the openhearth is an expensive operation. Its 
effect on the quality of the steel — particularly 
in applications requiring deep drawing and 
some types of heat treatment is very pro- 
nounced. It was generally agreed that the blast 
furnace was the better place to get rid of it. 

Phosphorus limits in the metal were, in 
most cases, set at around 0.30°, though some 
operators specializing on rimming steel had no 
objection to amounts as high as O.10'.. 

Limits for manganese ran from 1.50) to 
2.005). Where the big tonnage is rimming steel, 
operators desired the lower side of the range; 
shops producing forging grades favored the 
higher. 

The matter of temperature was frequently 
brought up in the discussion. High casting tem- 
perature was considered essential; one operator 
considered 2700° F. as the minimum. Tempera- 
ture at charging into the openhearth furnace 
was also said to be 2450° F. minimum. Data 
were presented showing that, as the casting 
temperature fell below 2700° F., the quality of 
the steel fell off, and the percentage of poor 
heats increased, being at 2615" F. 

In reply to what the openhearth requires 
from the blast furnace, one blast furnace man 
thought the requirements sometimes involved 
metallurgical impossibilities. Thus, the combi- 
nation of silicon around 1°. with low sulphur 
sets up opposing conditions. High temperature 
is one of the important factors in producing 
low sulphur iron, and high temperature is also 
the thing that produces high silicon iron. To 
keep the two in balance, the blast furnace must 
juggle a number of other factors such as uni 
formity of the materials making up the furnace 
burden, slag composition, slag viscosity, blow- 
ing rate, blast temperature, and blast humidity, 
the last item being a matter over which there is 
little or no control. 

The trend toward lower sulphur in the metal 
means a higher percentage of limestone on the 
blast furnace burden. One furnace man pointed 
out that a change in sulphur specification from 
O.0306° to 0.0205 would increase the cost of hot 
metal by 20¢ per ton. If sulphur gets up to 
around 0.070%, the metal would have to be 
remelted at a cost of about $1 per ton. 

Another blast furnace operator thought 
that, since the openhearth departments were 
the best customers, they should get as close to 
what they wanted as possible, and had a right 
to expect 80° of the metal to be within the 


specification, If low silicon iron was demanded, 
0.50 to 0.705. there would be a lot of trouble 
in the blast furnace department. With O.80 to 
1.20°° silicon and 0.025. sulphur specified, the 
production of iron was much simpler. Holding 
Ianganese within a ten-point range was not 
difficult in fact, specifications for merchant 
iron frequently require these limits. The 
speaker thought that the item of cost was 
stressed too much, because decisions as to cost 
were a function of the management, to be 
decided upon after all the factors involved had 
been presented by supe rintendents of blast fur 
nace and openhearth departments. 

In closing this joint session, L. Fk. Reianrz. 
the General Chairman, expressed the belief that 
the unanimity of opinion on the part of the 
openhearth men had put their desires more 
clearly than ever before. It had been clearly set 
forth (a) that the openhearth must have metal 
of greater uniformity, (b) that SO vood iron, 
20. off-specification iron was not good enough, 
(c) that this could be bettered if the blast fur 
nace operator be allowed to spend the money; 
and (d) that a joint recommendation to the 
management would clearly show that 20e extra 
cost of hot metal would be a very small item 


in the final cost of the finished product 


Openhearth Refractories 


Lse of “plastic chrome” as a bottom mate 
rial and the results obtained were reported from 
several sources, A review of the developments 
in the construction of furnace bottoms, from 
solid concrete covered with 12 to 27 in. of mag 
nesite, to the pan bottom of the modern open 
hearth furnace, shows that chrome brick and 
compounds have plaved an important role. 

Lhe first chrome bottom was laid thre 
form of an inverted arch. The materials used 
were 3 in. of insulation on the pan, 12's tn. of 
firebrick laid tight enough to hold water, 0 in 
of chrome brick, in. of chrome-magnesite 
brick, and 3 in. of magnesite mixed with Tt. olf 
roll scale and ground to 20 mesh. 

Cost was about S1500 less than the conven 
tional furnace bottom. The savings were made 
by using less magnesite and less fuel when 
“burning in” 

Production figures for the first campaign 
show 267 heats at 135.3 tons average (55‘. hot 
metal, 45‘. serap charge, and limestone), 
13.55 tons per hr. tap-to-tap, 21.67 tons per L000 
sq.ft. of hearth area, 1.110.000 B.t.u. per ton, 
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On rebuilding, there was found no disin- 
tegration of the top course, but some erosion at 
the slay line. 

Performance and details were also reported 
from a midwestern plant, where a number of 
plastic chrome bottoms have been put in. 
Regarding the possible results should the metal 
vo through the magnesite, one opinion was that 
the plastic chrome would hold. Another thought 
that it was better, in such event, not to depend 
on any plastic bottom to hold the heat, but to 
vet it out of the furnace immediately. The sug- 
vestion that mixtures of alumina might be used 
as a bottom material was briefly discussed, but 
it was pointed out that combinations of alumina 
and lime form compounds with very low melt- 
ing points and, consequently, its use was likely 
to be dangerous. 

Various types of magnesite — Thomasite, 
Austrian, Washington, Canadian, Russian, and 
Sea Water — were discussed. All types had 
been tried, and aside from the idea that purity 
was always desirable there was, in general, lit- 
tle difference in the results obtained. No opin- 
ions were advanced as to the effect of grain 
size of the magnesite on its performance in 
furnace bottoms, Washing, charging low carbon 
heats, and scraping the bottom were some of 
the practical suggestions as to how to keep bot- 
toms clean. Materials to be used for repairing 
bottoms depend on the extent of the job; the 
use of plastic chrome, double burned dolomite 
and magnesite were mentioned. 

As to the probable life of a furnace bottom, 
one Was reported as being put in some 21 years 
ago, but had probably been renewed down to 
the brick work during that period. 

The matter of keeping bottoms in shape 
during periods of curtailed operation was dis- 
cussed. One speaker said he had put into 
operation furnaces idle for 18 months with no 
abnormal trouble. The bottoms and banks were 
made up with burned dolomite just before being 
shut down. This dressing did slake and had to 
be removed but it protected the bulk of the 
refractory by limiting the extent of the slaking. 

Use of basic brick and other special mate- 
rials in openhearth furnaces other than bottoms 
was mentioned by one who had tried chrome- 
magnesite composition in front walls. Compar- 
ing an average of 110 heats per front wall built 
with silica brick, with 141 heats on one run and 
123 heats on another run when the front wall 
was built of basic brick, he concluded that the 
increased number of heats would not justify the 


increased cost. Basic materials for furnace 
roofs, particularly the application made by 
European steel makers of “Radex” brick, were 
discussed. It has been reported that roofs made 
of these brick will stand an increase in roof 
temperature of 150° C. (300° F.) beyond what is 
safe for silica brick, and this is responsible for 
an increase of 20‘c in steel production and a 
fuel saving of 10°. One speaker from personal 
observation said that he believed the reports 
were correct. He had seen one such roof after 
300 heats, with only 2 in. of the thickness gone. 
The wear had been very uniform, 

Since temperature is the most important 
factor in steel making, one speaker called upon 
manufacturers of refractory materials to redou- 
ble their efforts to develop economical mate- 
rials for temperatures considerably higher than 
those in use today. The present demand for 
something that will stand higher temperatures, 
resist erosion, retain shape under pressure and 
temperature variations, and not be prohibitive 
in cost, was considered a healthy sign. To 
achieve such results will require close coopera- 
tion between the makers and the users of 
refractory materials. 


Instrumentation 


On the subject of “Instrumentation of Open- 
Hearth Furnaces” one speaker gave his experi- 
ence when running under semi-automatic 
control and compared it to fully automatic con- 
trol. With fully automatic control, 10,971 more 
tons were produced in comparable campaigns, 
53 additional heats were made, fuel was reduced 
by 2 gal. of oil per ton, and maintenance cost 
reduced 1.3¢ per ton. Other operators also 
reported decided savings in fuel and reduced 
maintenance costs; savings in fuel ranged from 
2 to 15%. 

Installation and care of the various instru- 
ments is worthy of considerable attention. One 
installation is housed in an air-conditioned 
room, and if, for some reason, the air-condi- 
tioning apparatus fails to function, the instru- 
ments show the effect. 

The “Ray-O-Tube” pyrometer for taking 
bath temperatures was illustrated by slides 
showing a portable mounting for the indicating 
instrument. Temperature is measured by insert- 
ing a double tube 12 to 18 in. into the bath. It 
is made of an outer tube 2 in. in diameter, 
inside which is a centrally spaced tube 114 in. 
in diameter. Slag and metal are kept out of the 
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assembly by means of compressed air and it is 
good for about 100 observations. Temperature 
readings are obtained in 10 to 12 see. 


Openhearth Metallurgy 


Grain size control proved an interesting 
topic under this general classification. Alumi 
num combined with iron as ferro-aluminum, or 
an alloy of iron, silicon and aluminum seemed 
to be preferred to ingot aluminum; the use of 
aluminum-zirconium-silicon and ferrotitanium 
was also reported. One speaker thought it had 
not been definitely proven that aluminum pro- 
duces “dirty” steel; in his opinion each heat 
must be melted to a definite grain size, and 
temperature at tap is a very important factor. 
As to the best place to add the aluminum ~~ the 
ladle or the molds—-the general practice 
reported is to use part in each. From =, to *, 
the expected requirements are usually added 
in the ladle and then the mold addition is regu- 
lated to the desired rimming action. 

Commenting on the practice of deoxidizing 
forging quality steel of large grain size, one 
speaker thought it best to have one furnace 
practice and then regulate the grain size by 
Jadle additions. As to possible benetits to be 
obtained by using more than the usual amount 
of 15‘¢ silicon-iron, it was thought that amounts 
giving over 0.10 to 0.12% silicon in the ladle 
analysis did no good. From the opinions 
expressed, the use of silico-manganese in forg- 
ing steels seemed fairly general. It was the 
belief that it produced cleaner steel. 

In making a 0.07 to 0.09% carbon rimming 
steel, it was the consensus that the heat should 
not be ored too closely; a better steel would 
result if carbon is brought down from 0.12 or 
0.15°° by the use of rods or green poles, or by 
allowing the heat to soak down. In some cases, 
the heat was finished by using a spiegel reboil. 
Rimming a 0.20. carbon steel was held to be a 
rather difficult matter. One suggestion was to 
go to 0.08% carbon and recarburize with coal. 

Use of automobile scrap when making extra 
deep drawing steel sheets is generally avoided. 
Alloy contamination is the main objection. 
However, the effect of copper residual and cop- 
per additions on the rimming action of rimmed 
steel was, in the main, believed to have little if 
any influence. Opinions seemed to vary some- 
what as to the effect of high or low residual 
manganese. One thought that, in the end, the 
result would be the same. Another thought that 
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O.15'. residual manganese was the limit, and 
that 0.20 gave a sluggish rimming action. 

A 2 to 3-in. rise in a rimming steel ingot 
was held to be an undesirable feature, regard- 
less of how it may be produced. Such ingots do 
hot possess the required skin thickness, 

One speaker believed a rectangular mold 
produced better rimmed steel ingots than a 
square mold. Another thought that, aside from 
the increased cost due to lower mold life, lightly 
corrugated molds are better than straight-sided 
molds. In general, molds with a small corner 
radius were preferred; they give less trouble 
from corner cracks. Cold molds are to be 
avoided; they should be hand warm. 

Tapping heats at too high a temperature ts 
apt to produce thin-skinned ingots with blow- 
holes close to the surface. On the other hand, 
tapping too cold produces dirty steel. 

Discussion of various methods to control 
the FeO content of openhearth slags indicated 
this to be a subject of much interest. Working 
to a predetermined percentage seemed to be the 
usual aim. Data obtained by plotting the ratio 
of FeO in the slag to the FeO in the steel against 
the lime-silica ratio seemed to indicate that the 
amount of FeO in the steel is influenced by the 
lime-silica ratio more than by just the per- 
centage of FeO in the slag. Raising the FeO by 
lime additions and lowering it by the addition 
of silica was one method of control mentioned. 
In another case, the FeO was adjusted by lime 
additions during the melting period, and it 
resulted in little trouble with either high or low 
FeO. In still another case, roll scale was used 
to raise the percentage of FeO and silica to 
lower the percentage. The “pancake” slag test 
was believed by some to indicate very accu- 
rately the lime-silica ratio. 

In regard to the effect of the amount of 
limestone charged on the quality of the steel, 
one speaker thought that steel made under a 
slag containing less than 12°. CaO would be of 
poor quality. The experience of another was 
that, when the limestone charge was lowered, 
the quality of the steel went down, The use of 
a high limestone charge automatically increases 
the lime-silica ratio, which makes the practice 
more fool-proof, 

Securing a good run-off slag is a matter of 
proper charging, adding the hot metal at the 
right time and in the right amount, a correct 
amount of ore, scrap properly charged to hold 
down the lime and prevent it from getting into 
the flush-off slag, and correct temperature. 
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Nature of 


Bonding in 


Metal Compacts 


By GREGORY J. COMSTOCK 
Metallurgical Consultant, 
Handy & Harman, Bridgeport, Conn. 


I, THE LAST ISSUE OF METAL PROGRESS, 
in the article entitled “Metal Powders: Charac- 
teristics and Products” it was emphasized that 
fio major considerations would form the basis 
of any development in this art — namely, the 
properties of the powder and the nature of the 
bond and some general remarks were made 
on the first of these. It will now be endeavored 
to discuss the nature of the bond. In its finer 
aspects this is very involved and little under- 
stood. Sykes, who can certainly speak with 
authority on this subject, has said: 

“While the past 25 years have contributed a 
valuable store of working knowledge in the field 
of powder metallurgy, many of the process con- 
trols are derived entirely from experience and are 
not as vet finally explained by specific physical or 
chemical phenomena.” 

True, this is a general statement, but I 
feel sure that there can be no criticism for 
applying it either to particle-to-particle bonding 


or to the cementing action which takes place in 
those powder products which acquire their 
strength and cohesion as the result of the 
formation of a molten constituent. Certainly 
both of these types of bonding have their undis- 
cernible aspects, although considerable light is 
periodically being shed upon them. 

Some examples will now be given for illus- 
tration. 

When two slabs of fine silver are placed 
one upon the other and are heated for a short 
time to temperatures below the melting point, 
it will be found that they adhere to one another 
at their points or surfaces of mutual contact. 
If the silver slabs are pressed tightly enough 
together to deform them when they are heated, 
or if they have been pressed previous to heating 
so that their contacting surfaces conform to one 
another, the area of contact is increased and the 
bonding effected during heating is naturally 
more complete. 

Fine silver powder pressed in a suitable 
mold will result in a compact form of consider- 
able strength and density. The particles are soft 
and ductile and are deformed to a close-packed 
arrangement without difficulty, providing the 
air in the mass successfully escapes. Heating 
compacts of this kind, to temperatures below the 
melting point of silver, results in the bonding of 
their particles one to another at their mutual 
points or surfaces of contact. Alternate mechan- 
ical deformation and heating produces new 
contact surfaces between the particles and 
bonds them so that eventually — if the opera- 
tions are continued—each silver particle 
entirely conforms to and is completely bonded 
over its entire surface area to its adjacent par- 
ticles. The structure then closely resembles the 
intercrystalline bonding of a cast, worked and 
heat treated product. 

Iron and silver are, broadly speaking, 
regarded as having no affinity for one another; 
they are practically immiscible, either in their 
molten or in their solid states. However, recent 
investigations indicate the possibility of their 
forming some stable alloys consisting of very 
small but appreciable amounts of silver in iron 
and iron in silver. Proceeding as we did above 
with slabs of silver, placing a slab of iron on 
a slab of silver and heating them without 
melting but drastically deforming them while 
hot, a strong and satisfactory bond is formed. 

When mixtures of iron and silver powder 
which have been compacted and heated to tem- 
peratures somewhat below the melting point of 
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of cast metal. 
Yet a third 
ple: Silver has no aftin- 


exam- 


itv for carbon in any of 
its forms. <A slab of 

silver placed upon a graphite slab shows no 
tendency to bond with it when the assembly is 
heated. Mixtures of silver and graphite in 
powder form, which are pressed and heated 
below the melting point of silver, display a lim- 
ited amount of strength and cohesion if the 


When 
the graphite content does not exceed 7 or 8% 


silver is present in major proportions. 


by weight, such mixtures can be delicately 
manipulated to afford a certain limited amount 
of workability. Repeated mechanical deforma- 
tion and heat increases this workability and 
eventually produces structures which are not 
unlike those of a cast product. Finer examina- 
tion, however, indicates that the strength of this 
material may be explained by the bonding of 
the silver particles one to another and the for- 
mation of a strong and continuous silver net- 
work merely containing mechanical inclusions 
of graphite particles. 

At the opposite extreme, silver and copper 
have a marked affinity for one another. They 
are miscible in all proportions in their liquid 
state and form an eutectic consisting of 72% 


silver and 28‘¢ copper which melts at 1455" F. 
When a slab of silver and a slab of copper are 
placed one upon the other and are heated for a 
short time to a 145° FF. or 


slightly above, it will be found when they are 


temperature of 


cooled and examined that they adhere to one 
another and that a strong bond has been formed. 
This bond consists of the eutectic which appar- 
ently was formed at the points or surfaces of 
contact, melted and permitted the two slabs to 
come more intimately in contact with one 
new 


another, a progressive action forming 


molten eutectic. When this action is stopped at 
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Vicrostructure at 100 Diameters of Ductile and Strong 
Silver and 20°) lron Powders. Pressed, Sintered and Cold Worked to 0.093-In. 


Gage. Longitudinal section and transverse section. left and right, respectively 


Vetal Made of BU, 


the correct point, a very strong union may be 
expected, 

Silver and copper in powder form, which 
are pressed in a suitable mold and heated, dis 
play particle-to-particle bonding which is either 
one of two types depending upon the tempera 
If below 1135° F., 


to-silver adhesion of the first example. Alternate 


ture. it resembles the silver 


mechanical working and heating, below’ the 
melting point of the eutectic, produces the com- 
plete bonding suggestive of cast products. If the 
temperature exceeds 1435° F. another type of 
bonding is observed, which evidently involves 
the formation of the molten eutectic, and the 
proportions of the silver and copper present 
become a factor in the ultimate structure. These 
structures strongly indicate the formation of a 
molten eutectic, the diffusion of which into 
solid solution with the excess metallic compo- 
nent present leaves voids as the result of this 
migration. A certain amount of the eutectic 
cements the excess undissolved component 
together if the proportions are favorable for 
this action. 

These practical examples of bonding have 
been selected as they can be used to demon- 
strate specific bonding tendencies of one metal 

silver —- both in the massive and in the pow- 
der form, first with itself, secondly with a metal 
for which it has no affinity, third with a metal 
loid with which it does not combine and finally 
with a metal with which it has a marked tend. 
forms an 
Silver has 


been chosen for illustration because it is par 


ency to alloy and with which it 


eutectic of known characteristics. 


ticularly adaptable for such bonding as the 


result of its nobility, malleability and the insta 
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bility of its oxide at moderately elevated temperatures. 
Reference to the effects of oxide films and other bond- 
ing preventives have been omitted as have discussions 
of several of the manipulation procedures which are 
essential for effecting these bonds. Care has been 
exercised, however, to describe accurately the final 
product which can in each case be secured with good 


practice. 
Specific Effect of Pressure 


What are the mechanics of these unions? It seems 
reasonable to assume that the bonds developed by the 
small, conforming powder particles are of the same 
veneral character as those which are responsible for the 
bonding of the more massive slabs of the same metals 
under similar circumstances. Pressure and heat have 
been required to effect bonding in each of these exam- 
ples. What are the functions of these two essentials for 
practical bonding? 

Is the effect of pressure, or its residual, only that of 
conforming powder particles to one another so that they 
present contacting surfaces for bonding by some other 
physical phenomena? It would appear that this is the 
principal function of pressure in the bonding of the 
slabs, as light sheets of silver or even fine wires of that 
material will similarly bond at points of light contact, 
if they are heated without pressure. 

Pressure is commonly applied to metal powders in 
either one of two sequences with respect to the heating 
operation. In the cold press process the powders are 
compacted cold; in the hot press process heat and pres- 
sure are simultaneously applied. In the former the 
powder particles have, therefore, been subjected to 
cold deformation (providing they are deformed) and 
in subsequent heat treatments might be expected to 
recrystallize in accordance with laws which govern that 
phenomenon. It will be remembered that in general the 
recrystallization temperatures are lowered by increas- 
ing degrees of cold deformation. Should either surface 
recrystallization or intra-particle recrystallization be a 
factor in’ particle-to-particle bonding. pressure would 
then influence such bonding by affecting the tempera- 
ture at which reerystallization would take place after 
cold pressing. 

Hot pressing above normal recrystallization tem- 
peratures of the compo- 
nents, on the other hand, 
would not be expected to 


result in stressed particles 


but rather in an annealed 10%, 20%, 40% and 60% 
condition. More deforma- Nickel (Top to Bottom). Lon- 
tion and better contact gitudinal sections show elon- 
between particles might be gated grains or fibers which 
expected providing the these views show cross-grain 
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temperatures were sufficient to promote plas- 
ticity under the imposed pressure. Experiments 
with slab assemblies illustrate quite graphically 
that pressure fs an important aid to bonding. 
Pressure applied to hot assemblies (or to pow- 
ders) is usually very effective in contributing 
to the continuity of the bonding which is devel- 
oped without the formation of a molten con- 
stituent. It would appear, therefore, that the 
effects of pressure in promoting this type of 
particle bond is in a sense dependent upon its 
relationship to the effects of heat; that pressure 
applied under circumstances which produce 
cold deformation of the particle might be 
expected to effect bonding, providing recrystal- 
lization of stressed particles is a factor; that 
pressure applied to metal powders contributes 
to the completeness of the bonding between 
particles by promoting greater surface contacts 
between them, and that pressure is more effec- 
tively applied to hot powders than to cold. 


Specific Effect of Heat 


What is the function of heat in bonding 
without the assistance of a molten constituent? 
Only one hypothesis of which I can conceive 
satisfactorily explains the evidence of these and 
similar examples: Heat plays precisely the same 
role in assisting the formation of these powder 
unions that it does in the development, and 
especially in the maintenance, of the intererys- 
talline bonds of a cast and worked metal. 

Intererystalline bonds are initially pro- 
duced by cooling from the liquid through the 
plastic to the solid state. Cooling from the 
plastic to the solid state is apparently sufficient 
for the propagation of atomic bonds between 
contacting metal surfaces. Plasticity, as here- 
inafter defined, is an essential condition for 
unions of this kind which are formed without 
the presence of a liquid phase — not, however, 
solely as a means of promoting more intimate 
contact between the metal surfaces, as W. D. 
Jones has erroneously concluded in his “Prinei- 
ples of Powder Metallurgy’, but because the 
arrangement of atomic forces and the atomic 
mobility incident to plasticity are favorable for 
the propagation of atomic bonds between such 
intimately contacting metal surfaces. 

“Plasticity” is undoubtedly a poor term to 
employ in this connection as all metals may be 
said to possess a certain degree of plasticity in 
their solid state. Yet it is difficult to select a 
more satisfactory designation for that condition 


of atomic mobility evidently necessary for the 
production of lattice intermediates which will 
bond the surfaces of power particles. If by 
“plasticity” a condition of ready deformation is 
understood, and a condition of atomic mobility 
is the essential requirement, the term may stand 
for the purposes of this discussion as limited by 
the examples discussed. This detinition will be 
more accurate, however, if it is understood also 
to involve the development of temperatures 
Which are above the recrystallization tempera 
tures of the materials under consideration. 

I have a strong suspicion that reervstalliza- 
tion phenomena have a great deal to do with 
the formation of unions of this kind: that plas- 
ticity and the temperatures which in most cases 
are required to promote it, in effect only involve 
those temperatures which are required to pro- 
mote recrystallization and the limited plasticity 
incident to it; that bonding of this type does not 
take place at temperatures below those neces- 
sarv for recrystallization effects. Time, which 
is a factor promoting practical results as well as 
film distortion, intimate contact and other asso- 
ciated practicalities, undoubtedly confuse the 
issue. Adequate discussion of the function of 
heat is a difficult matter unless some such lim- 
ited use of the term “plasticitv” may be 
employed. 

If plasticity, in this sense, is a rough indica 
tion as to whether or not this type of atomic 
bonding is to be produced, additional heat 
should not be required for the union of metals 
Which are plastic at ordinary temperatures, 
high temperatures should be required for 
metals that maintain their strength and resist 
deformation at elevated temperatures, and no 
true unions of this character will be made 
between crystalline and amorphous materials. 

The bonding at room temperature of mal 
leable proof-gold in powder form when its par- 
ticles are moderatels pressed together is) a 
well-known example of “cold welding” which 
can be cited in support of this theory. The duce 
tile tungsten process is an excellent example of 
the high temperatures required to effect bond- 
ing of this type between similar particles of a 
metal which retains its non-deforming charac- 
ter at elevated temperatures, 

If this hypothesis is to be tenable there 
should be difficulty in effecting this tvpe of bond 
between a soft malleable metal having a com- 
paratively low melting temperature (such as 
silver) and a hard and rigid refractory metal 


(such tungsten). The silver might be 
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ont which have been mentioned result the 
if le, fixation of cohesive atomic surface forces in 
bel ee — It is extremely important to establish the 
accuracy of conclusions of this kind if only to 
permit the potentialities of applied powder 
; metallurgy to be correctly evaluated. 
\ 
A Progress recently made in the commercial 
molding of iron powders now furnishes the 
strongest of incentives for establishing these 
BY | potentialities in that field — one of the broadest 
Wee. applications of powder metallurgy. Iron parts 


can be molded from powders, consolidated by 
;, . heat treatment, and coined or pressed to an 
Pressed and Sintered Lron. 500 Nital etch I 
AK accuracy of fine machining operations. Bearings, 


bushings, parts for minor mechanical assem- 


‘cle approach melting before the tung- 
expected to apy ch ns 5 blies, small gears and automobile hardware are 


CC% sulliciently plastic to permit this . 
sten became su aly pean | being made with efliciency and accuracy and at 


character of bond being formed. Such fs the 


a cost less than by any other method. 


‘ase; effective bonding between silver and 
S What physical characteristics can these 
tungsten in powder form must be conductec . . ‘ 

S molded iron parts be expected to display? 


Will the bonding reproduce the strength of the 


within a very narrow range of temperatures. 


Likewise graphite does not bond with silver and 
gral intercrystalline bonding of iron cast in simi- 


ll ee is only included in a network of that material ‘ 

Eat ‘ lar shapes? Can such parts be regarded as 
dh a when properly manipulated in powder form. exact substitutes for similar ones, cast of the 
Hy iis same composition, or must they be accepted as 
at Molten Cement being of the same shape but of necessarily 


What are the mechanics involved in the 
These are practical questions which require 
other general type of particle union where a il i aos 
7 , an answer before we can correctly envision the 
molten constituent acts as a cementing medium? 
TI potentialities. If the bonding hypothesis which 
appears to be an essential similarity 
I have advanced is tenable, iron parts molded 
between all tvpes of metallic unions which may 
: ° from powders can be made which exactly repro- 


or mav not prove to be significant. The essen- war ; 
duce the strength and other characteristics of 
tials for bonding metal with a molten metallic , 7" 

° iron parts made by the old methods. The 


fe cement seem to be that the unmelted constitu- 
ent shall possess at least a certain degree of 
metallicitv and that it shall be soluble, even if Pressed, Sintered and Swaged Tron. 500 X. Nital etch 


i only to a limited extent, in the molten constitu- 


ent or have a tendency to combine with it. 
Under these conditions solution or alloying 
essentially involves the formation of new atomic 


' arrangements and fulfills the conditions which 
eH oe ; prevail during the formation of the initial inter- 
; crystalline bonding of cast metal. submit 
ie that as these conditions are similar and the 
Bee effect the same, the unions are identical. an : 


oul Is the apparent similarity, therefore, which 
exists between properly bonded powder par- 
ticles and the intercrystalline bonding of cast : = 7 — 


metal real or only an illusion? If both of the Pt te. ~ - 


two general forms of powder particle bonding ; - 
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advantages and economies of this new method 
of producing them to exact dimensions will not 
be reduced by the necessity for regarding them 
as being in any way inferior to a cast product. 

In the normal processes of crystallization, 
extraneous material is rejected by the solidify- 
ing portion. In cast metals these’ rejects 
tend to accumulate in the boundaries between 
crystals, weakening the tenacity of these pri- 
mary unions upon which the strength of the 
material is so dependent. Theoretically, at 
least, unions between film-free powder particles 
should not be subjected to this defect. The 
possibility, therefore, exists for producing pow- 
der products which are stronger than the same 
material in cast form, rather than weaker. 

If iron parts can be bonded so successfully, 
what are the possibilities of similarly bonding 
steel particles when such fine particles become 
available? If such molding operations are 
cheaper than casting plus machining in the pro- 
duction of iron parts, may not similar methods 
also be economical for brass particles when 
that alloy and other non-ferrous alloy powders 
are ultimately produced in commercial quanti- 
ties?) More important still from the viewpoint 
of practical development, can the molding and 
consolidation of such alloy powder products be 
made to include some of the other special attri- 
butes of metal powder technique? 

These special attributes include the possi- 
bility of producing pure metal forms or aggre- 
gates of materials which cannot be normally 
cast or worked or forged and which are difficult 
to shape by any process. Casting difficulties 
which have hitherto seriously retarded the 
development of super-tool materials are in 
some cases entirely eliminated by powder meth- 
ods. Finely divided hard metallics can be 
included in thermally stable matrix by powder 
particle pre-arrangement, rather than by the 
chance distribution after precipitation or crys- 
tallization from a melt. Vacuum and controlled 
atmosphere heating is much easier to apply dur- 
ing the sintering of compacts than to the casting 
and molding operations; the use of additions to 
promote casting or to eliminate undesirable 
extraneous materials is not required. Unusual 
structural effects and local variations in com- 
position are made possible by powder manipu- 
lations. It seems altogether reasonable to 
assume that these and other special attributes 
of powder metallurgy will eventually be applied 
both to the production of established materials 
and also to a large number of new materials. 


Is Hardness Affected 


by Magnetization? 


N 1920 Eowarp G. Hersenr reported to the 
sritish Iron & Steel Institute that the hard- 
ness numbers of quench hardened and age 
hardened alloys such as steel and duralumin 
could be increased by exposure to electromag 
netic fields. A supplementary article by him 
along these lines published in Merat Proguess, 
April 1982, brought forth a note two months 
later by R. H. Hanningron of the General Elec 
tric Research Laboratories, who found no 
change in the Rockwell hardness numbers of 
quenched high speed steels after exposure to a 
magnetizing apparatus. Various claims and 
counterclaims were made elsewhere, the 
British Alloy Steels Research Committee 
recently authorized some work to determine 
the effect, if any, of high frequency electric cur- 
rents on the properties of steel. 

This work was done by A. G. Quannenr, R. 
Jackson and N, J. Peron under the direction of 
Prof. J. H. ANpbrew in Shetlield University, and 
published as Section VII of the Second Report 
of the Alloy Steels Research Committee (lron 
and Steel Institute, Special Report) No. 24, 
page 157). 

The depth of hardness of carburized mild 
steel, the aging of carbon, nickel-chromium and 
tungsten high speed steels, the tensile 
strength of carbon steel strip, and the impact 
value and grain size of carbon steel all formed 
the subject of critical experiments. In the 
majority of cases the results were negative, and 
in those few cases where some difference was 
observed between the untreated specimens and 
the specimens which had been subjected = to 
the high frequeney current, the investigators 
believe that such difference might be attributed 
to some extraneous circumstance, such as the 
incidental heating of the steel, other than the 
direct effect of the periodic electric and mag- 
netic oscillations. The frequencies and magni- 
tudes of the currents emploved covered such a 
wide range that it can be concluded that if a 
high frequency current can have a_ beneficial 
influence upon the properties of steel, then 
the frequency must be very critical and will 
be determined by the particular conditions 


employed. 
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New Books 


~What We Need Is a Handbook 


A review of many 
By GORDON T. WILLIAMS 
Metallurgist, The Cleveland Practor Co. 


I KECENT YEARS there has come forth a steady 


procession of handbooks for the metallurgist 

in fact, the pace seems to be accelerating. 
The conscientious man who tries to keep at 
hand the best information available already has 
a shelf full of “handbooks”. 
so called only by special dispensation, as for 
instance the 1989 @ Metals Handbook, 6x9 in. 


with nearly 1900 pages and weighing 4.266 Ib., 


Many of them are 


Which requires only alist) of contributing 
authors and a subscription selling scheme to 
become an encyclopedia, and no disparagement 
intended! 

Perhaps we would be justified in giving a 
few moments’ consideration to the general 
situation in the field of handbooks useful to 
the metallurgist. They are of several types and 
intended for various purposes; some appear to 
hit their target well while some miss it fairly 
completely, if we may make assumptions as to 
the intention. The conventional meaning of the 
word “handbook” is a volume — usually of 
small page size designed to cover a selected, 
relatively broad division of knowledge or activ- 
itv, and cover it in such general fashion that 
evervone will tind some questions answered, 
and, presumably, no one will find all the 
answers he needs. As the intended tield is 
limited or the probable user more narrowly 
selected, the specific usefulness of the hand- 
book should increase. A good example of the 
latter suggested hy the Editor is Searles’ “Field 
Engineering’, found in the coat pocket of every 
survevor of the last generation. 

Then, too, there are two general kinds of 
reference books those of the educational, 


encevelopedic type containing treatises on 


selected subjects, or those of the tabular, dic- 
tionary type, wherein the answer is given but 
not the philosophy or method of solution. Since 
much metallurgical knowledge cannot, vet, be 
tabulated or similarly summarized, the usual 
practice in present-day reference books is to 
balance the educational articles and the clas- 
sified matter. 

As may be easily understood, the real prob- 
lem confronting the builder of a handbook is 
not what to put in but what to leave out 
where to draw the line between must, should, 
and shouldn't. For example, every metallurgi- 
cal handbook seems to carry a table of weights 
of steel bars, but none has a table of the elec- 
tromotive force generated by standard ther- 
mocouples at increasing temperatures. The 
duplication of effort and cost of having the 
same or a similar weight table in every hand- 
book must be considerable, but, looking at it 
from the angle of the designer of the book, how 
can he justify leaving out a table often needed, 
and whose omission might cause a worthy book 
to be subordinated or forgotten? Of course, 
such books as “U.S. S. Carilloy Steels”, “Repub- 
lic Alloy Steels”, or “Bethlehem Alloy Steels” 
are designed to be helpful and useful — but 
must above all make the user think of the spon- 
soring company, and the oftener it is used the 
oftener such thought registers, and the more 
successful the handbook. Every such work is 
sent forth in the hope it will be indispensable 
to the recipient, that it will be just what he 
needs in his daily work. 

Please note here that the present reviewer 
has no thought of criticizing the idea or execu- 
tion of any of these handbooks — each is an 
excellent job, and very useful indeed. But it 
is manifestly impossible for one reference work 
simultaneously to meet the needs of the metal- 
lurgist in tractors, oil well equipment, and shoe 
machinery! Further, each of these “alloy steel” 
handbooks, in order to justify its cost, has to be 
educational, so that the non-metallurgical user 
may be elevated to the necessary comprehen- 
sion. Surveys of applications and operations 
are given in the hope of aiding the steel user 
to get the most out of the steel best suited to 
his requirements. 

The other side of the picture is that no 
handbook can hope to be ideal for any indi- 
vidual; there is nothing quite as good for him 
as the reference notebook he can build for his 
own needs. He won't bother about the ubiqui- 
tous weight table, or S.A.E. steel specifications; 
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he may not even have interest in data his fel- 
low & members find indispensable; maybe this 
private handbook won't even have the proper- 
ties of heat treated carbon steels in it! But 
from one source or another, as forced search 
uncovers it, the individual will collect tabular 
and miscellaneous data that he needs — and 
the total will be a collection that he only needs. 
Many a reader of Metat Progress has no doubt 
remarked about some of the data sheets the 
editor gives us, “What on earth does anybody 
want that for?” — but each probably has value 
to some readers. 

The only consolation that can be given to 
the man who is disappointed in one of the 
above-mentioned alloy steel handbooks is that 
mavbe one of the others will suit him better. 


</ 
& 


Sat 


It is my feeling, however, that he will not and 
cannot hope to be satisfied with any but his own 
loose-leaf handbook, and not entirely satistied 
even with that. 

The amount of valuable information sum 
marized and imparted by such freely distributed 
books as the three recent ones by our major 
steel producers is tremendous. A further excel 
lent reservoir of data lies in the “special alloys” 
books, like “Nickel Alloy Steels”, 
Steels and [rons” and “Molvbdenum in Steel”. 


With sincere respect tor their merits, however, 


“Vanadium 


it should be remembered that “an ax must be 
ground” if the publication is to justify its cost 
Consequently, one needs to remember that there 
is another side to some of the pictures pre- 


sented. However the general articles in these 


Photograph by Silliman 


Metallurgists’ Handbooks 


Nickel Alloy Steels; Interna- 


W elding Handbook, 1938: 


tional Nickel Co., New York, 1934. U.S.S. Carilloy Steels; Car American Welding Society, New 
Vanadium Steels and Irons; negie-Illinois Steel Corp., Pitts York, 

Vanadium Corp. of America, New burgh, 1938. Metals Handbook, 1939 Edi 

York, 1938. Republic Alloy Steels; Repub- tion; American Society for Metals, 
Molybdenum in Steel; Climax lic Steel Corp., Cleveland, 1938. Cleveland. 

Molybdenum Co., New York, 1938. Forging Handbook, W. Nau In the foreground, the man’s 
Molybdenum in Iron; Climax joks and D. C. Fabel; American own notebook; on the wall, the 

Molybdenum Co., New York, 1938. Society for Metals, Cleveland, 1939. “S” curve for high carbon steel, at 
Bethlehem Alloy Steels; Beth- Cast Metals Handbook, 1936 the left, a channel of communica 

lehem Steel Co., Bethlehem, Pa., Edition; American Foundrymen’s tion to secure missing informa 

1935. Association, Chicago. tion from nearby friends. 
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books are outstanding, and constitute real and 
even unique contributions to the American 
metallurgical literature that is available in this 
vear of grace, 

Then there are the encyclopedic reference 
books the @ Metals Handbook, A.W.S. Weld- 
ing Handbook, A.F.A. Cast Metals Handbook 
(all these are cooperative, technical society 
works representing a compilation of carefully 
scrutinized articles and data by authors selected 
from the best available regardless of specific 
allegiance), and the new Naujoks and Fabel 
“Forging Handbook”. These are designed to 
cover their respective fields so comprehensively 
that an approximate or partial answer to any 
pertinent question may be found, together with 
the educational approach necessary to compre- 
hension thereof. Comparatively little tabular 
matter is given in them, the assumption being 
implicit that other handbooks will be available, 
and reasonably so, too. Although every metal- 
lurgist will at some time need a five-place log- 
arithm table, should one be included in each of 
these books? 

As handbooks go through repeated revi- 
sions, they tend to drop superfluous words, to 
increase in breadth of territory covered, and to 
correct major and minor errors. The general 
acceptance of @ Metals Handbook as the out- 
standing metallurgical reference work can be 
credited most largely to the experience of sev- 
eral editions and the many years of work on 
which the 1939 edition is based. 

Going but slightly afield from strict metal- 
lurgical work, there are such reference books 
as the “Handbook of Chemistry and Physics” 
or the similar “Handbook of Chemistry”, the 
“SALE. Handbook”, “Chemical Engineers’ 
Handbook”, “Procedure Handbook of Are Weld- 
ing Design and Practice’, and, daily necessary 
to the shop man, Marks’ or Kent's “Mechanical 
Engineers’ Handbook”. 

Only a very loose definition could classify 
all the works mentioned as handbooks, and to 
complicate the situation even further, we must 
remember that such storehouses of organized 
knowledge as the “Alloys of Iron Monographs” 
or “The Book of Stainless Steels” may be hand- 
hooks to someone so: “What fs a handbook?” 

“Of the making of books there is no end” 

and may there never be an end to the publi- 
cation and revision of handbooks. May we ever 
be hopeful that the perfect handbook for us 
will appear — and may we clearly understand 


why it won't! 


Metal Progress 


Heat Treatment 


INTRODUCTION TO THE Stupy OF Heat TREATMENT 
or MeraLLurGicaL Propuctrs, by Albert Por- 
tevin. 216 pages, 6x9 in., 69 diagrams. Pen- 
ton Publishing Co., Cleveland, Ohio. $5.00. 


I soRROW it must be recorded that the Penton 
Publishing Co. has been “sold a bill of goods” 
not, | hasten to add, by the gifted French author 
but by the anonymous translator. From con- 
siderable personal experience, punctuated with 
a too high proportion of failures, the present 
reviewer knows how diflicult it is to make a 
good translation of a foreign technical publica- 
tion — French, for instance. Not only must the 
translator be familiar with idiomatic French but 
also with idiomatic American (especially the 
metallurgical idiom) and if the work is at all 
advanced, as this book is, must know a great 
deal of metallurgy as well. Whatever the pres- 
ent translator’s knowledge of French may be, 
he is obviously not a writer of the American 
language nor a metallurgist. Too bad no men- 
tion is made on the title page of the fact that 
this book ifs a translation; few readers will 
know that Professor Portevin speaks and writes 
no English, and will therefore accuse him of 
such misdemeanors as this one on page 88: 

“In order to conclude the characterization of 
the various quenching states of the same steel, they 
will be defined by their hardness, A, and will be 
added to the characteristic curves, the curves of 
equal hardness, A, isoscleric curves, the level lines 
of surface ©., V, A which represents a crest line, 
the projection of which is the maximum hardness 
curve A’B’.” 

Dimly one may see that the author is talk- 
ing of a three-dimensional figure whose coordi- 
nates are ©, the quenching temperature, V the 
quenching velocity, and A the resulting hard- 
ness, and the critical quenching rates for a given 
steel in a given size are represented by a crest, 
ridge or divide on that surface. 

In view of the lingo in which it is written 
the book may be recommended to advanced 
students of metallurgy (both ferrous and non- 
ferrous) principally because it contains a sys- 
tematic exposition of the fundamentals of heat 
treatment, and also because it will require 
intense mental concentration to discover what 
the French author was really saying to his 
French students. If there is anything in the 
ancient pedagogical idea that you learned best 
by the hardest work, then this book will do 
much for your metallurgical polish. E. E. T. 
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Notes by the Editor 


Ny“ York City——Spent an hour in the busy 
i press department of the World’s Fair trying 
to find some interesting pictures of unusual metal 
construction, other than the over-publicized 
“theme center’, a fruitless search because the 
other large structures were erected by various 
governments and corporate exhibitors. The novel 
views of structural steel which were available, 

therefore, depended on bizarre 
Vetal photography more than anything 
at the else. A considerable amount of 
\. ). Fair metal, both in natural color and 

enameled, is used in numerous 
large murals and bas-reliefs; likewise heroic 
Statues of formed and welded stainless sheet sur- 
mount Henry Ford’s and Joseph Stalin’s build- 
ings. The stainless steel and the copper covering 
on buildings of U. S. Steel Corp. and General 
Electric Co. give an air of quality and substan- 
lialily among hundreds quile obviously of tempo- 
rary construction, 

See this Fair first at night, when darkness 
hides much ugliness, the wonderful lighting trans- 
forms bizarre shapes into fairvland, and variations 
in color or from light to shade pick out and inten- 
sify decorative features or adorn much flat surface 
blank and uninteresting in sunlight. By day, the 
perisphere looks like a ball of mud; by night, a 
heavenly orb. 


Schenectady Traversed in one day almost 
the entire span of metallurgy, from medieval 
through pre-War to ultra-modern. Prof. Mortimer 
SAYRE of Union College showed me some of his 
old books, among them being Agricola’s “De Re 
Metallica” 1556) and the Hoovers’ re-creation of 


it. “Re-creation” is written advisedly after com- 
paring the typography and illustrations of the 
two books separated by nearly four centuries, and 
remembering my own failure to get a very good 
reproduction of an old engraving for a Merar 
PROGRESS cover last December. 

Leo (“Mun”) engineer of tests 
of American Locomotive Co. and first chairman 
ol Schenectady Chapter @, brought matters closet 


to date when talking about high speed steam 


engines and the problem of making or rather 
maintaining large forgings for axles and side 
rods. Working stresses long since have gone 


beyond the capacity of soft carbon steel, more or 
less fool-proof, and steels with as high as 040 
and even 0.50° carbon have been utilized. Rail 
road men have avoided quenched steels, knowing 
that their shop crews and equipment are usually 
incapable of properly re-heat treating these forg- 
ings after a hot box or major repair, vet Mus 
pointed out the undoubted fact that a 040 car- 
bon steel requires just as careful treatment 
Powder metallurgy, especially iron, was the 
ultra-modern item uppermost in the mind of 
LeRoy WyMax, metallurgist§ in 


Powder General Electric's Research Labo 
Tron ratory. Tron powder of high 
Compacts purity is required for Alnico 


magnets, and this is now availa- 
ble as a byproduct of an ele trolvtic recovery plant 
installed to mitigate a nuisance from spent pick- 
ling liquors. Wyan has great faith in the com 
mercial possibilities of iron powder made 
direct reduction of a pure ore (such as a 68 
Iron concentrate trom magnetite). Such a con 
centrate does not need to be pure FeO, to be 
usable; for instance, an iron powder analyzing 
only 96 metallic iron (balance gangue) can 
develop 50,000) psi. tensile strength in. 0.505-in. 
test pieces. The manufacturing method is to com 
pact the iron powder by relatively light pressure, 
sinter the compact inp reducing atmosphere, hot 
press or coin the part from the sintering heat, and 
control the subsequent slow cool, Commercially 


its uses will be for pressings to substitute for cast- 
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ings expensive to machine —-that is to say, the 
powder compacts will substitute for die castings. 
Extent of such applications will depend somewhat 
on the cost of the powder, but even now iron rivets 
of all common, easily made things!) are being 
manufactured for own use and tor sale by one of 
the automotive subsidiaries. 

Vemo: WyMan’s forte is duck pins; for con- 


firmation see TRUMAN FULLER. 


Cleveland The Editor trequently invites 
himself to lunch with Carn Swarrz at the cate- 
teria maintained in its characteristic exemplary 
fashion by Cleveland Graphite Bronze Co., tor he 
finds both the food and the conversation excellent. 
One byproduct of these visits was the picture 
story on the manufacture of babbitt bearings pub- 
lished last June, a minor scoop for Metat Proc- 
keESS and our first technical publication from this 
enterprising firm. Those who saw that issue may 

recall that endless strip) steel is 


Composite cleaned, tinned, a layer of babbitt 


Vetal for east continuously on the advane- 
Difficult ing surface, and the excess bab- 
Services bitt milled off. The resulting 


bi-metal strip is then ready for 
blanking, forming, and broaching into a_ steel- 
backed bearing. 

Swakrz now tells me that the process is suit- 
able for any combination of metals yet tried, even 
in multiple, the only apparent limitation being 
that the layer being cast-on be of lower melting 
point than the foundation surface. As dissimilar 
metals as lead and steel are readily bonded by this 
method. Likewise bi-metals or tri-metals, made 
to uniform layer thickness by this process, may 
be cold rolled under controlled conditions, a stiffer 
steel backing deforming in exact proportion to a 
softer brass or bronze top layer, even down to 
eardboard thinness, the weld being uninjured and 
no bald spots appearing where the backing metal 
breaks through its jacket. 

One interesting and unpredicted success has 
already been achieved in the form of a “tri-metal” 
bearing. The type described last year, and used 
by the million by the automotive industry, has 
perhaps 0.025 in. of babbitt on 0.050 in. steel. 
This new bearing has on the order of 0.005 in. of 
babbitt, 0.020 in. copper-lead alloy and 0.050 in. 
steel. The staff at Cleveland Graphite Bronze is 
still wondering why this combination prevents or 
postpones that fatigue fracture at the running 
surface of the babbitt, and Joun ANTHONY suggests 
that the thinness of the babbitt layer is an impor- 
tant factor, augmented by obscure relationships 
between the physical properties of the babbitt, 
bronze and _ steel notably the ratios of coeffi- 
cients of expansion, the differences in their 
thermal conductivities, and moduli of elasticity. 


Newark “Blessed is he who can convert his 
mistakes to his own advantage” is a free trans- 
lation of a comforting verse in the apocryphal 
Koran by our own expert on the minor Arabic 
dialects and Col. LAawrence’s “Revolt in the 
Desert”. So is the Editor twice blessed! More 
than a vear ago he was gently taken to task by 
CHARLES MANTELL of Brooklyn, consulting engineer 
and expert in the minor metals, for omitting the 
Driver Co.’s trade name “Tophet” from an edi- 
torial note on improved resistor elements, seeing 
as how the two other important brands “Chromel” 

and “Nichrome” were mentioned. 
Klectrical At that time Manrect offered an 
Wires of 
All Sorts 


inspection of the operations at Wil- 
bur B. Driver Co.’s plant in New- 
ark, where he spends much time as 
technical director an invitation just recently 
accepted. 

Of prime interest is the amount of inspecting 
and testing required on electric and magnetic 
alloys, step by step from ingot to spool of finished 
wire. The men seem to put in most of their time 
measuring and testing the output of their 
machines. 

MANTELL pointed out the numerous places 
where changes in manufacture have resulted in 
a 30-fold improvement in the life of resistance 
alloys in the last five to seven years, as shown by 
Francis Basu in an article in MeraL PRroGREss, 
February 1938. About 60 separate alloys are in 
production in the Newark plant, some with a 
multiplicity of electrical characteristics and an 
unlimited variety of sizes and insulation. It is 
therefore important to know much about the 
nature of each ingot before any work is done on 
it, so two “finger” castings and a wedge shape 
are poured (when the ingot is cast) for checking 
analysis and electrical characteristics, and for hot 
flattening to estimate its workability. Among 
many requirements for resistance wire one appar- 
ently simple one has given a lot of trouble: A 
closely wound helix of N turns when pulled out 
like a spring to D distance must acquire a uniform 
set so the coils of the resistor in a heater channel 
will have correct spacing. Try that on fence wire! 

The gamut of operations is illustrated by heat 
treatments ranging from bright annealing for 
zero surface change to putting a layer of carbon 
on nickel strip, tight enough so mechanical form- 
ing into vacuum tube plates will not damage it. 
In the latter case the nickel strip, after air anneal- 
ing for softening and roughening the surface, 
passes up and down a water-sealed vertical fur- 
nace where a carefully prepared atmosphere (mix- 
ture of propane and butane bubbled through 
liquefied illuminants) reduces the nickel oxide 
and deposits the required tight layer of lustrous 
carbon. 
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Alignment Chart for Case Depth 


By Donald Babcock 


Based on data for S.A.E. 1020 steel by Ropers 
W. @ Transactions, 1928, purge 145.) 


Temperature in 


Ilustrative Problems 


Examen | 

Given: Temperature of carburizing al 
1650" F. Time of carburizing, 12 hr. 

To find: Case depth. 

Procedure: Draw line I from 1650 on 
Scale A through Seale B at 12 hr. 
read case depth on Scale €, 

Answer: OAD in, 


Exauere Ill 


To determine carburizing temperature 


when time and case depth are 


given, reverse the order of opera- 
tion given in Example II. 


O50 


Tota/ Time 
for 40 + 
Carburization, 35 + 
Hours 50 +- 
0 20 
Depth of 
0.260 Case 16 
Penetration 1D 
0 160 in Inches "770 + 
0.140 8+ 
0120 
0. 100 6) 
0.080 
0.060 
3+ 
0040 
W4 
0.020 + 
+- 
0.010 54 + 
0.008 
0.006 -+- 
0005 + 
Q004 + 
+ 
Yo + 
0.002 -+- 
ao01+ Secale Sce/e B 
Il 
Given: Temperature of carburization 
at 
To find: Vime necessary to obtain a 44+ 


case depth of 0.040 in. 

Procedure: Draw line from 
on Scale A to OO in. on Scale ¢ 
and extend through to Scale B. 

Answer: 2 hr. 
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NICKEL 


CAST IRONS 


LASTS 10 TIMES LONGER. 
In one service test, Ni-Re- 
sist,* the special corrosion- 
resistant Nickel east iron, 
withstood acids and organic 
compounds encountered in 
raw sewage 10 times longer 
than plain iron. To cut proe- 
essing costs in modern sew- 
age disposal plants, this 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 


Comminutor grinder shell 
is cast from Ni-Resist for 


the Chicago Pump Co. These 
precision castings, which 
withstand abrasive wear 
stoutly as they do corrosion, 
were produced by the Chal- 
lenge Foundry Co., Batavia, 
Illinois. 


GOLD MINE "IN THE BLACK." 
Even in gold mines, operating costs 
must be kept down. Ball mill liner 
costs were halved when the Wen- 
digo mine in Kenora, Ontario, used 
Ni-Hard,* an exceptionally hard 
and wear resistant Nickel cast iron, 
for liners in their ore grinding 
mill. These liners, cast by the Vul- 
can Iron Works, Winnipeg, handled 
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MIRROR-SMOOTH this 
108,000 Ib. drier shell presses 
moisture from paper pulp. 
To assure uniformity in this 


casting. 12 ft. in diameter and 
18 ft. overall length. Alli-- 
Chalmers Mfg. Co., Milwau- 
: kee. added 1° Nickel. This 
©. Nickel cast iron developed 


a dense, close-grained struc 
ture throughout, which, to- 
gether with its uniformity 
and machinability, makes it 
ideal for such applications 


as this, where a very smooth 
finish is required, 


*Ni-Resist—Reg. U. S. Pat 
Ott. by The Internationa! 
Nickel Company, Ine 


*Ni-Hard—Reg. | S. Pat 
Of. by The International 
Nickel Company, Ine 


more than twice the tonnage reached 
by previous liners of an unalloyed 
material. Reduce processing costs 
by specifying Nickel cast irons for 
hard jobs in your plant. For prac- 
tical information about money-sav- 
ing applications of Nickel alloyed 
materials in your industry, please 
write to the address below. 


AN 
Ss 
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a 
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Correspondence 


from Home 


& Abroad 


Immunity of Two-Phase Stainless 
Steels to Intergranular Attack 


Letter from H. HouGarpy 
Research Laboratories, Deutsche Edelstahlwerke 


REFELD, Germany 
of normal stainless steel (analyzing 18% 
chromium, 8° nickel, 0.10° carbon) is well 


So-called weld decay 


known. Regions alongside joints, where the 
metal had been heated to 1650 to 850° F. by 
conduction of heat away from the welds, are 
rapidly attacked by many reagents that have no 
effect on the rest of the metal. The cause of this 
trouble is also known to be the precipitation of 
chromium-rich carbides at the grain boundaries 
of the austenite when heated within the above- 
mentioned range, thus depleting their neighbor- 
hood of the chromium in solid solution 
necessary for corrosion resistance. The chro- 
mium-poor zone naturally no longer possesses 
the same resistance to attack as the actual orig- 
inal homogeneous alloy, and the material along- 
side the grain boundaries is corroded. This 
attack likewise sets up electrolytic action 
between the chromium-poor zone and the chro- 
mium-rich grain centers. 

Now there are several possibilities of pre- 
venting this grain boundary dissociation: 

1. The welded part can be heated to a tem- 
perature above 1825° F. so that the precipitated 
chromium carbide will again go into solution in 
the austenitic base metal. At the same time the 
chromium distribution reaches an equilibrium 
so that no further acid attack can take place. 
Rapid cooling then prevents re-precipitation of 
carbides, 


2. Carbon content can be held to the lowest 


possible value. Observation and experience 
have shown that with a carbon content under 
0.07°°, the amount of carbide precipitated by 
the welding heat is small when the time of the 
welding action is short, so that no continuous 
chromium-poor zone will then form. If, how- 
ever, a steel with, say, 0.05° carbon is held for 
a longer time — for example, 1 hr.—in_ the 
critical temperature range, then much carbide 
is precipitated, a continuous chromium-poor 
zone is formed, and grain boundary disintegra- 
tion occurs. For this reason stainless steel 
exposed to corrosive media must either operate 
at a temperature below 575° F. or the carbon 
content must be held under 0.02‘. 

3. So-called carbide-forming elements can 
be added; tantalum, columbium and titanium 
have proven most effective. These elements 
form carbides which are practically insoluble 
in the Cr-Ni-Fe solid solution, 

1. Chromium can be increased in per- 
centage so that the microstructure contains a 
definite amount of delta iron (or alpha iron, 
either being the body-centered cubic space lat 
tice). If such a steel, containing, for example, 
0.10% C, 22% Cr, and 10' 


15‘c of delta is heated for a short time at about 


Ni and possessing 


1100° F., and then tested in a very corrosive 
reagent, it will be found to be corroded at the 
grain boundaries. Thus it has followed the 
same process as a normal 18-8 Cr-Ni steel. If, 
however, the steel is heated for a longer time in 
the dangerous range, the susceptibility to grain 
boundary attack steadily declines and, after a 
certain period of time, entirely disappears. <A 
long heat treatment at moderate temperature 
thus “immunizes” the steel. R. Scherer first 
reported this phenomenon to the International 
Corrosion Conference in Paris, November 1938. 
Such stainless steel sheet, with about 15% 
ferrite and 85°? austenite in its microstructure, 
that has been annealed for a long time at 1100 
F.. can be welded with no change in its internal 
condition nor subsequent disintegration neat 
the welds. Likewise it can be used in continu 
ous operation at temperatures above 600° F, 
The behavior of the steel described when 
tested in the dangerous range is given in the 
table on the next page, showing clearly the 


effect ot carbon content, carbide-formil addi- 


ig 
lions, and immunizing a two-phase steel. 

Immunization of austenitic steels contain- 
ing ferrite (alpha or delta iron) can be pictured 
in somewhat the following manner: First of all, 


as has been stated, carbon precipitates at the 
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Structural Diagram of Cr-Ni-ke Alloys, According 


Show Relative Amounts of Delta Solid Solution in 


to Maurer, Modified to a long time. If other 


the Two-Phase Region ferrite-forming  ele- 


ments such as molyb- 
4 Meaning of 0 to 20 % & Iron denum and silicon are 
Hatchings in # # 20 to 50 % & Iron added, then immunity 
20 2-Phase Region: Over 50 % & Iron is acquired in substan- 
tially shorter time. 
Coy Consists of Austenite two-phase stainless 
steels has led to a modi- 
N 18: fication of the structural 
|? AD) 
& “As, bey Cr Acstenite | diagram established by 
© Mavurer, as shown in the 
and . SOP bite ‘Marten lurgist starts witha steel 
nsite j containing 18° Cr and 
O 6 8 10 (2) 20 2 24 Ni, and increases 


% Chromium 


grain boundaries in the form of chromium car- 


bide and forms a chromium-poor zone along- 


side the grain boundaries. 


On longer exposure 


heat, the chromium diffuses from the center 
of the grains to their boundaries, and there the 


distribution of chromium gradually equalizes, 
so that the cause of the grain boundary attack 
is mitigated and finally removed entirely. 


This redistribution of the chromium can be 


Grain Boundary 


the chromium and 

nickel in that propor- 
tion, a field of steadily increasing ferrite or 
delta iron is reached. The influence of the delta 
constituent on the capacity for immunization 
first becomes noticeable at about 10° ferrite. 
For practical purposes the ferrite phase cannot 
be increased beyond about 350° since the 
mechanical properties of the steel would be 
damaged too much. 


H. HouGarpy 


Attack After Annealing at 1100° F. 


Curomium, 8° NiIcKEL STEELS 22-10 STEEL 
0.10 CARBON 
0.19% 0.05% C 0.10% (stabilized*)) 150 PHase 

Ouenched 
(not annealed) none none none none 
10min. pronounced none none slight 
I hr. very pronounced slight none pronounced 
o hr. very pronounced pronounced none slight 
7 hr. very pronounced pronounced none none 
20 hr. very pronounced very pronounced none none 
oO hr. very pronounced very pronounced none none 


*With tantalum, titanium, or niobium. 


attributed to the action of the ferrite, for in 
single phase austenitic steels it does not occur, 
as can be readily seen in the first two columns 
in the table. The intluence of ferrite can be 
explained as follows: (a) Ferrite possesses a 
higher chromium content in solid solution than 
austenite, and (b>) chromium can more readily 
diffuse in ferrite than in austenite. 

Ferrite, therefore, both directly and indi- 
rectly promotes the equalization of chromium 
at moderate temperature after chromium car- 
bide is precipitated. This diffusion goes on for 
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Welding Generators Grouped During 
Erection 


Letter from W. A. GARDNER 
Lehigh Construction Co. 


LLENTOWN, An interesting addition 
L to the growing list of are welded buildings 
in metropolitan New York is Public School 
No. 213, on Hegeman Ave., Brooklyn. It is also 
a noteworthy application of eflicieney methods 
of erection that more than compete with the old 
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Variation of Case Depth 
With Time and Temperature 


Letter from Donato E. Barcock 
Industrial Fellow, Mellon Institute 


IT ISBURGH While with the Repubhe 

Steel Corp. my attention was drawn to the 
data of Scutumpr on the “Time-lPemperature- 
Penetration” curves (1928 @ Transactions, page 
65) for the carburization of S.A... 1020 steel 
in vertical gas retorts using natural gas contain 
ing 9) to YS. methane as the carburizing agent 
At the request of I. W. MeQuam, the data taken 
from the carburization of triangular test pieces 
were reduced to empirical equations, and thi 
entire family of these curves was then found to 
be reducible to the following single general 


equation of the following forms 


0.015 [ Wlog T+ 1 


where P is the penetration of the « ipbon case in 
>. - ~~ inches per hour, © the absolute temperature in 
Fahrenheit degrees and is the time in hours 


The individual curves of when 


by Single Engineer During Rapid Erec- 

tion of Steel Skeleton for School Building P-a~ blog! <) 
where a, b, and ¢ are characteristic constants 


. . . . and t temperature fixed, gave the following 
fashioned riveting, to say nothing of the peace ind the temps ieee 
val for the constants a, >, and « 
and quiet gained by the neighborhood. lues for the co o 


This is a four-story building, 182 ft. long. Pemperature b 
The width is variable, since it has an east wing 1750" | 0.02651 0.03822 0.00355 
90x60 ft. and a west wing 61x60 ft. The build- 1650 0.01498 0.02188 0.00209 
ing was erected and welded within two weeks 1600 0.01127 0.01714 0.00173 
after placing the first column. Five 300-ampere Poo) 0.00866 0.01453 0.00134 
Wilson welding generators, powered by Buda 
engines, were used by the contractors, Lehigh hese constants are given to five decimals to fit 
Construction Co., of Allentown. closely the empirical data, and need not be used 
Current control was facilitated by instal- in such extended form. 
ling all five of the welding machines at one Phe reduction of the above family of equa- 
corner of the building, where they remained tions to a single expression Giving these values 


until the welding was completed, 
with an engineer in charge. Weld- Value of Constants, Calculated From Equation (1) 
ing operators were able to signal 


for anv necessary adjustments, PEMPERATURE, CONSTANTS (CALCULATED) 

and the close grouping of the 110 

machines permitted one man to 

take care of all of them without 1.0711 1.86 O.0298 0.0420 0.00426 

loss of time. Approximately 420 helt sete 1.0474 | 3.448 0.0262 | 0.0379 | 0.00373 
170) 2160 10236 1.264 6.0190 6.0271 0.00271 

tons of structural steel were used 1650 °110 1.0000 1000 0.0150 0.0914 0.00214 

in the construction of this mod- 1H00 2060 0.9763 U.7868 0.0118 6.0169 6.00169 

ern building frame. oot) 2010 0.9520 W.6154 0.0092 6.0132 0.00132 

1960 0.9289 0.4783 O.0072 0.01038 TRU 
W. A. GARDNER 
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as a function of temperature and time was given 
a equation (1). The table on page 591 gives the 
constants for equation (2) calculated with the 
simplified equation (1) for the entire family of 
curves. The values for the constants within the 
limits of Scurumper’s data are fairly satisfactory 
for calculating the expected conditions in car- 
burizing (except for values less than one hour, 
due to the nature of the equation). 

For convenience in calculation, the general 
form (1‘) is applicable to a particular tempera- 
ture. The following form may be used for each 


temperature if the proper constant is employed. 


P=K (7 10log.7 + T) (2°) 
where the values of A are as follows: 
K 
0.00424 100° F, O.00168 
O.00271 
O.00214 


the values obtained in actual practice will 
be lower than these values if the steel is of 
higher carbon content, has any alloys that form 
carbides, or is highly alloved with elements that 
do not form carbides. It will be lowered as the 
mass of metal being heated and carburized is 
increased, since the time required to raise this 
larger mass to carburizing temperatures may 
become a major factor. If, in such a case, the 
times al temperature are used, the calculated 
values should agree closely with observed data. 

Another feature causing non-agreement is 
the difference between the temperature of the 
piece being carburized and the surrounding 
gases. Since the carburization reaction proceeds 
with the absorption of heat, the piece being car- 
burized will be at a lower temperature than the 
surrounding carburizing gases, 

Much more could be added to this discus- 
sion, but the object of this note was only to pre- 
sent to those interested in these data simple 
equations of considerable utility Which rather 
accurately describe the facts observed in the 
carburizing temperature ranges. 

Many will find an alignment chart more 
useful, and this has been prepared (page 587). 
A critical examination of the chart will show 
some slight deviations from the equations given, 
particularly with reference to the temperature 
Scale A. This change was made in the interest 
of accuracy over a slightly extended range. It 
is doubtful whether the values read from. this 
chart for case depths of less than 0.003 in. and 
for times less than 0.5 hr. are very accurate 
because the curves were extrapolated. 


Donatp E. 


Vetal Progress: 


Unusual Structures in Steel. Found in 1910. 
ft top: C 0.65 >, Ni Brinell 220, mag- 
nified 1350 diameters. At bottom: C 0.86%. Ni 
Brinell 441. magnified 1000 diameters 
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Acicular Troostite 

DITOR’S NOTE: Proresson Porrevin” has 

forwarded the following letter written to the 

lamented ALBERT SAUVEUR a letter he could not 

have seen with the following notation: “Doubt- 

less he would have made this letter public, and you 
may therefore be interested in publishing it.” 

As can be seen it is about the nature of a 
microconstituent of steel PorTevin calls “acicular 
troostite” in his recent book “Introduction to the 
Study of Heat Treatment of Metallurgical Prod- 
ucts”. It is the same microstructure as the one 
defined “an acicular product, softer than martens- 
ite formed directly from austenite at tempera- 
tures between 900 and 300° F.” by Messrs. VILELLA, 
GUELLICH and Balin, in an article in Merat Proc- 
kESS, August 1935, page 31. 

Its nature is stated, provisionally, by Roper 
Ment ProGress, October 1938, page 
139) to be “an aggregate of ferrite and cementite 
nucleated by ferrite”. 

PROFESSOR PorTEVIN’S letter follows: 

January 13, 1939 
Prof. ALBerr SAuveUR 
20 Elmwood Ave. 
Cambridge, Mass. 
My dear friend: 

You ask me, “What would Osmonp have 

said of the constituent designated as ‘bainite’ or 


‘acicular troostite’? 


I can answer that he would have said noth- 


In 1910 1 performed some experiments «a 
steels containing 7 to 12 nickel, annealing 
them at high temperature followed by very slow 
cooling, with the double intention of causing the 
self-hardening constituents to disappear and of 
reproducing the structure of meteorites. 1 thus 
obtained a complex constituent of clongated 
particles oriented according to the Widman- 
statten structure, which | provisionally named 
“rod-like constituent” (constituant en fuseaur). 
It would have been better to call it a “fascist 
structure” (constituent en fatsceaux) after the 
tasces or bundle of rods surrounding the Roman 
ax handle, or a fascine or bale of sticks used by 
engineers for revetments, 

Here are a few prints from the original 
negatives; since the negatives are 30 vears old 
and somewhat vellowed, the prints are far from 
perfect. However, the use of very slow cooling 
permits one to observe the structures at rela- 
tively low magnitications. 

Osmond, examining these micrographs, 
withheld his opinion, suggesting that T continue 
the study and contenting himself with saving: 
“It must be a question of segregation of the iron 
nickel solid solution”. I therefore did not pub- 
lish these photomicrographs at that” time, 
naturally feeling in no position to give an 
explanation of the structure when Osmonp had 
nothing to say. Only incidental mention of these 
experiments was made 
by me in and 1921. 

Actually, it) seems 
to me that this constitu- 
ent, obtained in these 
high nickel steels, is not 
without resemblance or 
without analogy to the 
constituent resulting 
from the intermediate 
Ar” transformation, or 
the acicular” structure 
in quenched plain car- 
bon steels. It is there- 


fore not new to me, but 


Structure of Slowly Cooled, High Nickel Steels, Etched With Benedicks’ now its nature seems 
Reagent, Magnified 200 diameters. Left: C 08°, Ni 71%. clearer. IL would now 
Brinell hardness 302. Right: C 0.65°). Ni 71°), Brinell hardness 177 sav that it results from 


ing for he would reserve his opinion. The reason 
Iam so positive about this is that OsMonp really 
saw this new constituent and withheld any state- 
ment; he saw it because | showed it to him 
myself almost 30 vears ago under the following 


circumstances: 


June, 1939; 


the separation of super 

saturated ferrite in an unstable condition, caus- 
ing the precipitation of cementite. 

Studies of isothermal decomposition of 

austenite —— notably by and his collabora 

tors in your country have brought this con- 


stituent in evidence much more clearly; such 
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studies have also brought to light other struc- 
tural peculiarities. 

It appears to me, therefore, as I said in my 
earlier reply to your questionnaire the 
nomenclature of constituents pearlite, sorbite 
and troostite, that there is need to revise this 
nomenclature (but without revolutionary or 
destructive action) to make it more precise and 
more complete. [| agree with vour letter to the 


Editor of Mera ProGress, in the July 1938 issue, 
that this can only be done by a meeting of an 
international Commission, preparations for 
which must be made by preliminary studies of 
the problem in the various countries, enlisting 
the services of interested experts. 

Thus, for France, | have requested Colonel] 
Betaurw to prepare an exposition of the ques- 
tion which can be presented to one of the meet- 
ines of the French Association for Testing 
Methods. This will undoubtedly provoke a dis- 
cussion, or at least an exchange of views, and in 
any event will arouse attention and bring us 
into contact with current American opinion on 
this controversy. 

It is very much to be desired that the same 
thing could be done in various countries, for 
this could constitute a logical sequence to your 
questionnaire as well as a useful, not to say 
indispensable, study preliminary to the work to 
be undertaken by the proposed international 
COMMISSION. 

Phis, then, is my present opinion, for which 
vou asked. 

I have so written my reply that vou can 
make use of it and, if need be, can circulate it. 

Very sincerely Vours, 


ALBERT PORTEVIN 


Preservation of Microspecimens 


Letter from EpGan H. 
Development and Research Dept. 
Bethlehem Steel Co. 


Pa. It is frequently neces- 
sary to preserve the polished surface of a 
microspecimen for future examination, This 
is especially true if it exhibits unusual inelu- 
stons or a particular structure which might be 
lost on repolishing. We have found the follow- 
ing technique very satisfactory for this purpose: 

A small piece of “Aroclor 4465", which is a 
resin obtained from the Monsanto Chemical Co. 
of St. Louis, is necessary. The Aroclor is placed 
on the polished surface and the metal heated 


until the resin is melted, when a microscope 


cover-glass is placed on top and pressed down 
until there is a thin uniform laver of it between 
the sample and glass. When cool, the excess 
Aroclor, forced from under the glass, can be 
removed with xylene, leaving the surface well 
protected by a tightly adhering thin glass. Care 
must be taken to prevent dust from being 
trapped under the glass. 

The specimen, thus protected, is in good 
condition for safe keeping or photographing 
at a later date. There is no loss of detail in 
multiple phase inclusions or etched structures 
with distinct components. 

EpGar H. Howes 


Ghosts 


Mich. — Much copper is being 
reclaimed from tailing sands, dredged 
from under water here in the Copper Country, 
and so it is not surprising to find remains of 
water creatures in copper from such a source. 
A little graveyard of this sort was recently dis- 
covered while peering through a microscope at 
a lead segregated area of copper-lead bearing 
metal. Don H. BLacKMAR 
Hersert F. Kroun 


Graduate Students in Physical Metallurgy 
Michigan College of Mining & Technology 


Marine Remains in Bearing Metal Made of Copper 
Reclaimed From Submerged Tailing Sands 
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Taxes are necessary — you couldn’t run a city, state or 


government without them. But they do mount up. 


Fact is, a considerable part of the money you pay us for 


telephone service goes right out in taxes. 


Bell System taxes for 1938 were $147,400,000— 


an increase of 56% in three years. In 1938 taxes were: 


Equal to about $550 a year per employee 


Equal to $9.50 per telephone in the Bell System 


Equal to $7.54 per share of A. T. & T. common stock 


BELL TELEPHONE SYSTER & 


You are cordially invited to visit the Bell System exhibit at 


the Golden Gate International Exposition, San Francisco 
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Personals 


Kk. J. Tompkins @ of Central 
Steel & Wire Co., Chicago, has 
been transferred to the Cincin- 
nati office 

Conrad V. Coash @ has 
resigned as metallurgist of David 
Bradley Mfg. Works to accept a 
position as chemist with Sher- 


win-Williams Paint Co., Chicago. 


Stuarts 


SuPER: 


Selected to present the 1940 
Institute of Metals Lecture of the 
American Institute of Mining and 
Metallurgical Engineers: E. H. 
Dix, Jr. &, chief metallurgist, 
Aluminum Research Laborato- 
ries, Aluminum Company of 
America, New Kensington, Pa. 

F. H. Lawrence @ has been 
promoted from metallurgical 
engineer to assistant vice-presi- 
dent. Alan Wood Steel Co., Con- 
shohocken, Pa. 


IS DEEP DRAWING OF STAINLESS STEEL 
A PROBLEM WITH YOU? 


IF SO, WIRE OR WRITE AT ONCE FOR 
FREE WORKING SAMPLE OF 


Gtuart's SUPER: KOOL 


EXTRA HEAVY DUTY DRAWING COMPOUND 


A thoroughly tested deep drawing lubricant widely recommended by leading makers of stain- 
less steel, and in daily use by well known production plants. 

Stuart's ‘“‘SUPER-KOOL”" sprayed or brushed on the stock prevents metallic seizure and allows 
proper slippage when angles are sharp and where pressures are extremely high. Containing 
no pigment its cleanability is an interesting factor to many piants. 


Address request for free sample to General Offices, 2727-2753 South Troy Street, Chicago 


D. A. STUART OIL CO. LTD. 


CHICAGO. 


— 


Warehouses a Principal Industrial Centers 
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J. W. Sands @ will have direc- 
tion of the new field office of the 
Development and Research Divi- 
sion, International Nickel Co., 
recently opened in New York. 


Promoted by E. F. Houghton 
& Co.: C. R. Jackson @&, from 
sales representative at Seattle to 
sales representative for the 
Pacific Northwest with head- 
quarters in Portland, Ore. 


Herbert G. Geittmann, Jr. ©, 
formerly with Saginaw Malleable 
Iron Division, is now metallur- 
gical engineer, Steel Sales Corp., 
Chicago. 


Wilson Coats ©, formerly chief 
metallurgist of Reo Motor Car 
Co., is now assistant chief metal- 
lurgist of Nash Motors Division 
of Nash Kelvinator Corp., Keno- 
sha, Wis. 


Gilbert E. Doan &, protessor 
of metallurgy, Lehigh University, 
bethlehem, Pa., has been made 
head of the department of metal- 
lurgical engineering to succeed 
Bradley Stoughton, National 
Treasurer ©, when he retires 
from active teaching this sum- 
mer. George L. Kehl & has been 
promoted from instructor to 
assistant professor of metallur- 
gical engineering 


T. E. Barlow ©, tormerly 
research engineer at Battelle 
Memorial Institute, been 
appointed metallurgical engineer 
of the Cooper Iron and _ Steel 
Development Association, with 
headquarters in Cleveland. 


J. E. Workman @, formerly of 
Detroit, is now connected with 
the Chicago offices of the Latrobe 
Steel Co. 


Now New England representa- 
tive of the Ohio Crankshait Co.: 
Kenneth Stumpf ©, formerly with 
Stanley P. Rockwell Co. 


C. H. Kuthe ©, formerly sales 
engineer for Timken Roller Bear- 
ing Co. in Philadelphia, has been 
appointed technical advisor to 
the Michigan Division of Revere 
Copper and Brass, Ine. 
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THE FEWER, 


The demand of the times for more production per dol- 
lar, without sacrifice in quality, brings into sharper 
and sharper focus the necessity for the use of the 
most modern materials. It is natural that the more 
different steels specified in machine construction, the 
greater the fabrication and stock room complications. 

To reduce these complications, many manufac- 
turers are taking advantage of the versatility of 


Molybdenum Steels. One, a builder of a varied line of 


THE BETTER 


heavy duty machines, replaced four different alloy 
steels with Chromium-Molybdenum Steel (SAE 4140) 
for everything from heavy crank shafts to small screw 
machine parts. 

Overhauling your own material specifications may 
disclose similar opportunities for highly profitable 
standardization on a versatile Molybdenum steel. To 
assist you we will gladly send our technical book 


“Molybdenum in Steel’, free upon request. 


PRODUCERS OF MOLYBDENUM BRIQUETTES, FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


Climax Mo- lyb- dan! am: G@ompany a 
500 Fifth Avenue - New York City a 
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Personal 


G. A. Lux @, chief chemist of 
the General Railway Signal Co. 
for the past 12 years, has been 
made technical director of the 
Lustre Chemical Corp. of Roch- 
ester, N. Y. 


Walter B. Farnsworth @ is now 
chief metallurgist at the Mones- 
sen plant of Pittsburgh Steel Co 


Ek. J. Vanderman @ has 
resigned trom Carnegie-Illinois 
Steel Corp. to accept a position 
as metallurgist for Hamilton 
Standard Propellors Division of 
United Aircraft Corp. at East 
Hartford, Conn. 


Arthur W. F. Green @ has 
resigned as production engineer, 
Allegheny Ludlum Steel Corp., to 
research metallurgist for 
Pratt & Whitney Aircraft Divi- 
sion of United Aircraft Corp. 


|. ou Pont DE Nemours & Company. 
& H. Chemicals Department 
Wilmington, Delowore 

District Seles Offices: Baltimore, Boston, Charlotte, Chicago. Cle 

Kansas City, Newark, New York. Philadelphia, Pittsburgh. Son Francisco 
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Elected to membership in the 
National Academy of Sciences: 
Zay Jeffries, past president 6, 
consulting engineer, Incandescent 
Lamp Department, General Elec- 
tric Co., Cleveland. 


Nominated to receive the E. J. 
Fox Medal of the Institute of 
British Foundrymen: H. A. 
Schwartz © manager of 
research, National Malleable and 
Steel Castings Co. 


Transferred: Martin B. Gruzdis 
©. from Junior metallurgist at 
Watertown Arsenal to same posi- 
tion at Boston Navy Yard. 


Franklin H. Pennell, secretary, 
Philadelphia Chapter @, has left 
the Autocar Co. to become metal- 
lurgist in the sales division, 
Wyckoff Drawn Steel Co., Phila- 
delphia. 


Gordon Hess @ has been pro- 
moted to head the Houston ter- 
ritory tor Republic Steel Corp. 


T. N. Holden, secretary New 
York Chapter @ for 19 years, 
and William Printz, charter mem- 
ber @&, are now in_ business 
together as Holden-Printz Co., 
handling a general line of pyrom- 
eters and furnaces. 


Fred A. Webber © has been 
transferred from the Goddard 
Works, Worcester, Mass., to the 
Buffalo plant of Wickwire Spen- 
er Steel Co., as metallurgist. 


Leland E. Grant ©, chief chem- 
ist for the Chicago, Milwaukee, 

Paul and Pacifie Railroad Co. 
for 11 years, has taken over the 
newly created position of metal- 
lurgical and welding engineer. 


Elected director of the Ametri- 
can Foundrymen’s’ Association 
for 3 years: B. Coleman, past 
president &, consulting engineer 
in Philadelphia. 


Gordon J. LeBrasse @ has ter- 
minated his connection with 
Driver-Harris Co. to join. the 
American Silver Producers’ 
Research Project, National 
Bureau of Standards, Washing- 
ton, 
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AJAX-NORTHRUP FURNACES 

Time of Heating 
Solid Bars 
to 2200°F. 


4° SOLID BAR 
145 SECONDS 


3" SOLID BAR 
110 SECONDS 


2" SOLID BAR 
70 SECONDS 


DIAMETER (INCHES) 


The furnace is small, very simple 
and always cool on the outside. : 
Only the part of the bar within ' 


the coil gets hot. 


3600 NUMBER OF 


X FURNACES = PRODUCTION PER HOUR 
HEATING TIME USED 


(SECONDS) 


For instance, if your heating time on the above curve is two minutes, your production 
will be 30 per hour with one Ajax-Northrup Furnace—and 90 per hour with three 
furnaces! 


ASSOCIATE 
COMPANIES 


The Ajax Metal Co. 
Non-ferrous Ingot Metal 
for foundry use. 
Ajax Electric Furnace 
Corporation 
Ajax-Wyatt Induction Fur- 
naces for melting. 


Ajax Electric Co., Inc. 
Ajex-Hultgren Salt Bath 
Furnace and Resistance 
Type Electric Furnaces for 
allheat treating operations. 


You predetermine the speed, the temperatures, the results desired—Ajax-Northrup 
Furnaces located on the production line keep the pace, day in and out. 

One user, swedging 5" hollow cylinders, increased production from 20 to 60 an hour 
on the same production line, and expects to go to 120 per hour soon. He also reports 
the elimination of one machining operation due to absence of scale. He says: “The cost 
for equipment and power combined is negligible compared to the results obtained.’ 
Two inch tubes can be heated to 2200 F. in 30 seconds. Zone hardening is being done 
on @ production basis in 3 to 7 seconds. 

In melting, Ajax-Northrup Furnaces provide speed, uniformity, low metal losses, quick 
changes and controlled stirring during the melt. Capacities: One ounce to eight tons. 


ASK FOR THE BULLETINS ON MELTING HEATING LABORATORY 


ELECTROTHERMIC 
CORPORATION 


A JA X P AR K 


TRENTON, J. 
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Modern, GAS-fired furnace de luxe in use 
at New York City plant of R. Hoe & Company. 


There’s Nothing Like GAS For 


HARDENING ANNEALING TEMPERING 
NORMALIZING BLUEING CARBURIZING 
FORGING GALVANIZING CORE BAKING 

MALLEABLEIZING NITRIDING 


and many other Industrial Processes 


High in heat value, and capable of pre- 
cise control, GAS produces perfect fur- 
nace conditions that result in a better 
product at materially reduced cost. 
With modern GAS equipment, the 
combustion mixture is regulated auto- 
matically to synchronize with load 
demands... the heat is evenly diffused 
to produce uniformly perfect results and 


reduce losses from spoilage . . . work 


is speeded and furnace maintenance is 


AMERICAN GAS ASSOCIATION 


INDUSTRIAL GAS SECTION 
YORK 


420 LEXINGTON AVENUE, NEW 


brought to an absolute minimum. 

Shown here is a modern, multi-duty, 
GAS-fired furnace with automatic tem- 
perature control ranging from 900 to 
1,800 degrees F. It is equipped for 
economical heat treating of ferrous and 
non-ferrous metals, and is ideal for ex- 
acting factory work. 

Investigate how GAS can temper the 


cost of treating metals in your plant! 


THE TREND TOP 
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The Right Process for the Job at Hand 


INDE’S ability to help its custo- 

4 mers apply the right process 
to the job at hand—and apply it the 
best possible way frequently counts 
more toward making profits for the 
customer than does the price of the 
materials used, 

There are many Linde produets 
and processes to speed up produc- 
tion, improve results, and lower 
costs. Yet even more Important, is 
Linde’s accurate knowledge of how 
best to adapt them to industry's 
actual needs. 

If you are not certain that your 
operations are realizing full benefit 
of Linde service. we suggest you 


talk it over with a Linde man. Any 


representative ean tell you how the 


Linde organization is geared to UNIONMELT WELDING is a revolutionary electric 


bring into your plant the engineer- process that is fully automatic. With it. high-quality 
ing co-operation that means control welds can he made ie pass at amazing spec Be 
of costs and application of being used successfully inomany different industries to 
Linde products. Phe Linde \ir make better products in less time and at lower cost. The 
Products Company, Unit of Union illustration shows a Lnioumelt welding head speeding 
Carbide and Carbon Corporation, the tabrication ot ia barge. Linde rest arch developed 
Offices in principal cities. this process and Linde engineers can help you use it. 


THERE IS MORE TO 


THAN “EVERYTHING FOR WELDING AND CUTTING” | 


MACHINE FLAME-CUTTING—— One PFLAME-HARDENING A means of LINDEWELD VMELTLELAMI Still 
of the most successful methods of -hap- imparting a hard surface “case” to make another Linde process providing a fast, a 
ing steel. Linde has the machines, the metal parts subject to wear last longer. money-saving means of joining pipe } \ a 
gases, and what counts more—the or- Linde engineering facilities and process with «trong. ductile welds. Behind vour | on 
ganization and the knowledge to help data can help you utilize this process operators, Linde Serviee and research i. 
you apply the process profitably. to best advantage at lowest costs, stand, ready to help when needed. “= 
LINDE OXYGEN + NITROGEN +» HYDROGEN + RARE GASES AND MIXTURES + UNION CARBIDE e& 
PREST-O-LITE ACETYLENE * OXWELD APPARATUS AND SUPPLIES * UNIONMELT WELDING ‘- 

The words “Linde,” “Union,” “Prest-O-Lite,” “Oxweld™” and “Unionmelt™ are trade-marks of Units of Union Carbide and Carbon Corporation. 4 
= 
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MAHR 
INDIVIDUAL BLOWERS 


Greater Economy and Flexibility 
Make Mahr Low Pressure Blowers 
of Vital Value in Metal Heating 


(For Gas or Oil Burners) 


ELIMINATE COSTLY AIR PIPE. COST OF OPERA- 


TION ONLY IN PROPORTION TO UNITS USED 


MAHR MANUFACTURING CO. 


Div. of Diamond Iron Works, Inc. 


MINNEAPOLIS, MINNESOTA 


Columbia 


TOOL STEEL 


CONTROLLED 


Columbia is first to offer the 
advantages of tool steel made 


with completely controlled at- 
mospheres and temperatures 
from melting to finishing. 


Ask about it! 


COLUMBIA TOOL STEEL COMPANY 


ARTHUR T. CLARAGE. PRESIDENT 
GENERAL OFFICE AND WORKS 
$00 EAST 14TH. STREET « CHICAGO HEIGHTS, 


Micro-Polish 


(Cont. from page 562) the anisotropic prop- 
erties are not hidden by any surface effect from 
polishing. 

Reflection of light from a surface is accom- 
panied by absorption of the incident beam, 
which in some cases is very large. Data on seven 
of the eight metals studied are in the table 
on page 562. If the incident beam is absorbed 
during reflection, some of it must have pene- 
trated into the reflector. If the incident beam 
penetrates the reflector, there is still the possi- 
bility that an amorphous film may have been 
produced but is of insufficient thickness to cause 
total reflection in this layer. In other words, if 
there is a disorganized layer present, the inci- 
dent beam may penetrate through this layer, 
may then be reflected from the organized zone 
beneath, and thus may produce anisotropic 
properties when using polarized light and 
crossed nicols. The possibility of such penetra- 
tion is supported by the fact that gold foils have 
actually been hammered thin enough to trans- 
mit visible light. 

Since the depth to which a beam of light 
can penetrate a substance is dependent on the 
angle of incidence of the light, a specimen of 
bismuth and tellurium was mounted on a uni- 
versal stage so that the angle of incidence could 
be varied by any angle up to 50° to the perpen- 
dicular. It was found that anisotropic proper- 
ties of the specimens could be detected at any 
angle permitted by the stage. 

During this experiment with polarized light 
it was further noticed that certain of the metals 
gave stronger anisotropic properties than oth- 
ers under the microscope, varying inversely 
with the per cent reflectivity of the incident 
beam of light. In other words, the metals hav- 
ing the least percentage of reflection of the 
incident beam gave the strongest anisotropic 
properties. From this it might be inferred that 
anisotropism is a function of absorption by the 
atomic structure and that examination of 
opaque specimens by polarized light depends 
upon a limited penetration of the material. 

In conclusion, | do not believe that one 
needs to be concerned about getting too good a 
surface polish and thus mask out the properties 
for polarized light, but rather one should strive 
for an excellent polish. 
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